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SIMULATION STUDIES OF IMPROVED SOUNDING SYSTEMS 
ABSTRACT. Two ins t rumen t  designs f o r  i n d i r e c t  s a t e l l i t e  sounding o f  the  
atmosphere i n  t h e  i n f r a r e d  a r e  represented by the  High-resol  u t i o n  Infra-Red 
Sounder, Model 2 ( H  IRS-2 1 and by t h e  Advanced Meteorol o g i  ca l  Temperature 
Sounder (AMTS). The former i s  one o f  a complement o f  t h ree  sounding 
ins t ruments  used o p e r a t i o n a l l y  by the  NOAA s a t e l l i t e s ;  and the  l a t t e r  i s  
conceptual and has n o t  been c a r r i e d  on a s a t e l l i t e ,  b u t  has design fea tures  
which should, i n  p r i n c i p l e ,  improve i n d i r e c t  soundings i n  the  t roposphere.  
Th is  study was conceived t o  t e s t  t he  r e l a t i v e  c a p a b i l i t i e s  o f  t h e  two 
ins t ruments  by s i m u l a t i n g  s a t e l l i t e  measurements f rom a group o f  temperature 
soundings, a l l o w i n g  the  two p a r t i c i p a n t s  t o  r e t r i e v e  the  temperature p r o f i -  
l e s  f rom the  s imu la ted  data,  and comparing the  r e s u l t s  w i t h  the  o r i g i n a l  
temperature p r o f i l e s .  
Four  da ta  se ts  were produced from radiosonde data e x t r a p o l a t e d  t o  a 
s u i t a b l e  a l t i t u d e ,  rep resen t ing  con t inen ts  and oceans, between 30s and 30N. 
Two s e t s  were f o r  s imu la ted  c l e a r  cond i t i ons ,  and two were f o r  s imu la ted  
p a r t l y  c loudy s ta tes .  O p t i c a l  t ransmi t tances ,  computed by a procedure o f  
one o f  the  p a r t i c i p a n t s ,  were d i s  
tage of p r i o r  knowledge t o  e i t h e r  
the  study, c louds  were modeled by 
c i t y  of l a y e r s ,  and e m i s s i v i t y .  
From t h e  i n f o r m a t i o n  a v a i l a b  
o r t e d  i n  ways designed t o  g i v e  no advan- 
p a r t i c i p a n t .  
t h e i r  he igh t ,  s i ze ,  abundance, m u l t i p l i -  
For the  c loudy p o r t i o n  o f  
e t o  each p a r t i c i p a n t ,  temperature p r o f i -  
l e s  were r e t r i e v e d  by t h e  two d i f f e r e n t  methods i n  use, s t a t i s t i c a l  
reg ress ion  and i n v e r s i o n  o f  t he  r a d i a t i v e  t r a n s f e r  equat ion,  t o  f o r e s t a l l  
t he  obscura t ion  o f  s i g n i f i c a n t  r e s u l t s  by the  r e t r i e v a l  methods employed 
( t h a t  i s ,  t h e  t e s t  i s  one o f  ins t ruments ,  n o t  methods o f  r e t r i e v a l ) .  
S t a t i s t i c a l  rep resen ta t i ons  f o r  comparison of t he  r e t r i e v e d  temperature 
p r o f i l e s  w i t h  the  o r i g i n a l  p r o f i l e s  form the on ly  r e s u l t s  o f  t he  t e s t ,  the  
o r i g i n a l  p r o f i l e s  be ing  w i t h h e l d  i n  a n t i c i p a t i o n  o f  f u t u r e  use o f  those 
data. 
For  one o f  t he  c l e a r  se ts ,  c o n t a i n i n g  1600 soundings, t he  temperature 
soundings were made a v a i l a b l e  t o  the  p a r t i c i p a n t s ,  f o r  p r i v a t e  e x p l o r a t i o n  
o f  procedures and a s t a t i s t i c a l  base. The o t h e r  se t ,  c o n t a i n i n g  384 soun- 
dings, formed the  t e s t  s e t  proper.  The temperature soundings f o r  t h i s  s e t  
were k e p t  s e c r e t  f rom b o t h  p a r t i c i p a n t s .  A s i m i l a r  procedure w i t h  respec t  
t o  a v a i l a b i l i t y  o f  temperature and c l o u d  i n f o r m a t i o n  was fo l l owed  f o r  the  
c loudy p o r t i o n  o f  t he  study, w i t h  s i x  examples f o r  e x p l o r a t i o n ,  and 40 
soundings f o r  t h e  t e s t  s e t  i n  which the  temperature and c loud  i n f o r m a t i o n  
was unknown t o  the  p a r t i c i p a n t s .  
Resu l t s  show t h e  e s s e n t i a l  consequence of g r e a t e r  spec t ra l  p u r i t y ,  
concomitant inc rease i n  the  number o f  s p e c t r a l  i n t e r v a l s ,  and the  b e t t e r  
s p a t i a l  r e s o l u t i o n  i n  p a r t l y  c louded areas. A t  t he  same t ime, the  l i m i t a -  
t i o n  o f  t he  HIRS-2 w i t h o u t  i t s  companion ins t ruments  l eads  t o  some r e s u l t s ,  
p a r t i c u l a r l y  i n  the  s t ra tosphere ,  which should be ignored i n  comparing the  
two ins t ruments .  Nevertheless,  t h e r e  i s  a c l e a r  s u p e r i o r i t y  o f  AMTS 
r e s u l t s  i n  t h e  t roposphere,  amounting t o  severa l  ten ths  o f  a degree, i n  
bo th  the  c l e a r  and p a r t l y  c loudy areas. Th is  would i n d i c a t e  t h a t  some o f  
t h e  design fea tures  o f  t he  AMTS should be considered when f u t u r e  i n f r a r e d  
soundi ng i ns truments a r e  designed. 
1. INTRODUCTION ( H .  Yates) 
Temperature and humid i t y  soundings o f  t he  e a r t h ' s  atmosphere f rom 
The f i r s t  ope ra t i ona l  deployment o f  
space evo lved from a proposal made by D r .  L. D. Kaplan i n  1959 [l]. 
f i r s t  research ins t ruments  designed t o  t e s t  t he  concept were f l own  on 
Nimbus-3 and -4 i n  1969 and 1970. 
sounding ins t ruments  aboard NOAA spacec ra f t  was on the  ITOS s e r i e s  
beg inn ing  i n  1972. Continued re f inement  and improvement of t h e  opera t i ona l  
ins t ruments  fo l lowed,  and cont inues  today. 
ment and improvement w i l l  con t i nue  i n t o  the  foreseeable f u t u r e  s i n c e  v i a b l e  
suggest ions f o r  p r o v i d i n g  more accura te  soundings and more complete 
coverage remain t o  be  tes ted .  
The f i r s t  exper imental  ins t ruments  were c a l l e d  S I R S - A  and S IRS-B  
(Sate1 1 i t e  I n f r a r e d  Spectrometer) .  These ins t ruments  were Fas t i e -Eber t  
spectrometers w i t h  an i n d i v i d u a l  d e t e c t o r  i n  the  f o c a l  p lane f o r  each 
s p e c t r a l  channel used. They were f o l l o w e d  by the  exper imental  I n f r a r e d  
Temperature P r o f i l e  Radiometer (ITPR) on Nimbus-5, a f i l t e r  i ns t rumen t  
r a t h e r  than a spectrometer.  
a1 so  two microwave radiometers,  Nimbus-E Microwave Spectrometer (NEMS) and 
Scanning Microwave Spectrometer (SCAMS) on Nimbus-5 and -6, r e s p e c t i v e l y .  
Based upon these exper imental  ins t ruments ,  the  V e r t i c a l  Temperature P r o f i l e  
Radiometer (VTPR) p rov ided  the  f i r s t  ope ra t i ona l  soundings from the  ITOS 
s e r i e s  s t a r t i n g  i n  October 1972. Th is  was supplanted by the  TIROS 
Operat ional  V e r t i c a l  Sounder (TOVS) aboard the  improved opera t i ona l  
s a t e l l i t e ,  TIROS-N.  TOVS, which became opera t i ona l  on December 1, 1978, 
which has been main ta ined s i n c e  t h a t  date, cons i s t s  o f  t h r e e  separate 
ins t ruments :  t he  High Reso lu t i on  I n f r a r e d  Sounder, the  Microwave Sounding 
U n i t  (MSU), and t h e  S t r a t o s p h e r i c  Sounding U n i t  (SSU) prov ided by t h e  
B r i t i s h  Me teo ro log i ca l  O f f i c e .  Today, we a r e  cons ide r ing  improvements t o  
the  TOVS system, p r i m a r i l y  through g r e a t e r  r e l i a n c e  on microwave channels 
u s i n g  an Advanced Microwave Sounding U n i t  (AMSU) and p o s s i b l y  more advanced 
i n f r a r e d  ins t ruments  such as the  Advanced Meteoro log ica l  Temperature 
Sounder (AMTS) o r  t he  High Reso lu t i on  I n t e r f e r o m e t e r  Sounder (HIS) .  
The 
It i s  a n t i c i p a t e d  t h a t  r e f i n e -  
I n  the  exper imental  l i n e  o f  ins t ruments  a re  
I n  every i ns tance  i n  the  above sequence o f  ins t ruments ,  s i m u l a t i o n  
s tud ies  were performed p r i o r  t o  launch which i n d i c a t e d  a l e v e l  o f  pe r fo r -  
mance t h a t  was never achieved i n  ac tua l  opera t ions .  S imu la t i on  s tud ies  are  
impor tan t  i n  o rde r  t o  p rov ide  a good i n d i c a t i o n  o f  t he  accuracy and cover-  
age one can expec t  w i t h  some conf idence. They are ,  i n  f a c t ,  more impor tan t  
managers o f  ope ra t i ona l  s a t e l l i t e s  today than they  have been i n  the  past.  
Whi le NASA operated the  exper imental  Nimbus s a t e l l i t e s ,  i t  was p o s s i b l e  t o  
t e s t  new ins t ruments  and concepts i n  space be fo re  commi t t ing  t o  an opera- 
t i o n a l  deployment. 
n a t i v e  space p l a t f o r m  on which t o  t e s t ,  t he  d e c i s i o n  t o  change o r  augment 
the  opera t i ona l  ins t ruments  must b e  based on l i m i t e d  a i r c r a f t  o r  b a l l o o n  
measurements and s i m u l a t i o n  t e s t s .  The weaknesses and shortcomings o f  t h e  
s i m u l a t i o n  t e s t s  i n  the  pas t  have l e d  the management of NESDIS t o  seek more 
v a l i d  t e s t s  which w i l l  p rov ide  a more accura te  p r e d i c t i o n  o f  performance i n  
space o f  any proposed new ins t rumen ta l  c o n f i g u r a t i o n .  
NESDIS, t h e  Na t iona l  Meteoro log ica l  Center (NMC) o f  t he  Na t iona l  Weather 
Today, w i t h  Nimbus canceled and no a v a i l a b l e  a1 t e r -  
Toward t h i s  end, 
2 
I 
Se rv i ce  (NWS) , and t h e  NASA/Goddard Space F1 i g h t  Center (GSFC) have 
cooperated i n  t h e  des ign  o f  a s i m u l a t i o n  t e s t  which i s  c u r r e n t l y  b e i n g  used 
t o  compare the  c u r r e n t l y  ope ra t i ona l  TOVS, and the  AMTS, a new ins t rumen t  
proposed by the  NASA J e t  P ropu ls ion  Laboratory.  The t e s t  w i l l  a l s o  be used 
t o  eva lua te  t h e  H I S  when the  procedures t o  do so have been developed and 
approved by NASA and N O M .  
1.1 D e s c r i p t i o n  o f  t he  Tes t  
Pas t  s imu la t i ons  appear t o  have several  weaknesses: (1) s i m u l a t i o n  o f  
a l l  aspects o f  t h e  r e a l  environment i n  which the  space ins t rumen t  w i l l  work 
i s  e i t h e r  n o t  p o s s i b l e  o r  very  d i f f i c u l t  and expensive l e a d i n g  t o  s h o r t -  
cu ts ;  (2) i n  t he  s i m u l a t i o n  process, t h e  t r u e  temperature o r  humid i t y  pro- 
f i l e  i s  known a t  t h e  s t a r t ,  whereas i n  r e a l  ope ra t i on  the  on ly  " t r u t h "  t o  
which t h e  d e r i v e d  p r o f i l e s  can be compared i s  the  s e t  o f  radiosonde soun- 
d ings ,  which a re  themselves imper fec t ;  ( 3 )  they have been c a r r i e d  o u t  by 
t h e  proponents o f  a new ins t rumen t  system and hence may n o t  be as o b j e c t i v e  
as des i red .  
as p o s s i b l e  r e a l  ope ra t i ona l  c o n d i t i o n s  and minimize the  e f f e c t  o f  t he  
above t h r e e  fac to rs .  
The o b j e c t i v e s  of t h e  c u r r e n t  t e s t  a re  t o  s imu la te  as c l o s e l y  
The t e s t  s t a r t s  w i t h  the  s e l e c t i o n  o f  a r e f e r e e  o r  t e s t  manager. 
t he  present  case, t h e  manager i s  D r .  Norman P h i l l i p s  o f  t he  Na t iona l  
Weather S e r v i c e ' s  Na t iona l  Meteoro log ica l  Center, an e x p e r t  i n  temperature 
s t r u c t u r e  o f  the  atmosphere and a nonpar t i san  i n  the  area o f  instrumen- 
t a t i o n .  
w i t h  a rep resen ta t i ve ,  g loba l  and seasonal d i s t r i b u t i o n ,  and d i v i d e s  i t  
i n t o  two se ts :  a c o l l o c a t i o n  da ta  se t ,  and a t e s t  da ta  s e t .  Both s e t s  a re  
r e q u i r e d  because some o f  t he  concepts be ing  t e s t e d  a re  based upon 
reg ress ion  s o l u t i o n s  which r e q u i r e  a s e t  o f  soundings ( w i t h  rad iances)  f rom 
which t o  generate the  c o e f f i c i e n t s  used i n  the  r e t r i e v a l  process. The 
c o l l o c a t i o n  da ta  s e t  o f  temperatures i s  t h e r e f o r e  a v a i l a b l e  t o  a l l  
p a r t i c i p a n t s .  
I n  
The re fe ree  s e l e c t s  a l a r g e  sample o f  r e a l  atmospheric soundings 
Both  se ts  o f  temperatures are  supp l i ed  t o  a l a b o r a t o r y  capable o f  
c a l c u l a t i n g  radiances from temperature p r o f i l e s .  Th is  l a b o r a t o r y ,  indepen- 
den t  o f  those conduct ing  the  ac tua l  t e s t ,  u t i l i z e s  procedures f o r  ca l cu -  
l a t i n g  rad iances  t h a t  a r e  acceptable t o  the  t e s t  p a r t i c i p a n t s  b u t  does n o t  
d i s c l o s e  t o  those p a r t i c i p a n t s  the  temperature p r o f i l e s  f rom which they 
have c a l c u l a t e d  the  radiances. Each t e s t  p a r t i c i p a n t ,  us ing  the  coe f -  
f i c i e n t s  generated from the  c o l l o c a t i o n  da ta  s e t  (p rov ided  t h e i r  method i s  
based upon a reg ress ion  s o l u t i o n ) ,  r e t r i e v e s  the  temperature p r o f i l e  f rom 
t h e  radiances c a l c u l a t e d  f rom the  t e s t  data se t .  They then send t h e i r  
de r i ved  p r o f i l e s  back t o  the  t e s t  r e f e r e e  who compiles a s t a t i s t i c a l  e v a l -  
u a t i o n  such as t h a t  which i s  normal ly  a v a i l a b l e  i n  ope ra t i ona l  procedures. 
He does no t ,  a t  any t ime, d i s c l o s e  a one t o  one comparison between an o r i -  
g i n a l  sounding and a d e r i v e d  sounding, and he does n o t  re lease t o  any o u t -  
s i d e  p a r t y  t e s t  r e s u l t s  o t h e r  than the  s t a t i s t i c a l  r e s u l t .  
fash ion ,  t h e  t e s t  remains pure and a v a i l a b l e  t o  be  used f o r  t e s t i n g  l a t e r  
ideas, which can then be compared w i t h  the  e a r l i e r  r e s u l t s  on a common 
ground. 
I n  t h i s  
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The a c t u a l  c o n d i t i o n s  a r e  made as c l o s e  t o  r e a l i t y  as poss ib le .  For  
example, i n  t h e  r e a l  wor ld ,  one does n o t  have the  boundary term, the  ac tua l  
temperature o f  t he  su r face  o f  t he  e a r t h  o r  the  sea, and the  t e s t  p rov ides  
on ly  what would be a v a i l a b l e  o p e r a t i o n a l l y  such as the NMC s h e l t e r  tem- 
pe ra tu re  ana lys i s .  Clouds are  s imu la ted  i n  a manner as c lose  t o  r e a l i t y  as 
poss ib le ,  empl o y i  ng p a r t l y  c l  oudy and t o t a l  l y  c l  oudy scenes, c l  ouds of 
va ry ing  o p a c i t y  and mu1 t i  - l a y e r  c loud  s i t u a t i o n s .  Some parameters, such as 
ins t rument  noise,  a re  i n t roduced  i n  va ry ing  amounts so t h a t  t he  t e s t s  w i l l  
a1 so p rov ide  some measure o f  t h e  cos t -benef i  t s  r e l a t i o n s h i p  between p e r f o r -  
mance and those eng ineer ing  parameters where there  i s  a design cho ice .  
Th is  t e s t  w i l l  c e r t a i n l y  n o t  be p e r f e c t .  I t  cannot account, f o r  
example, f o r  the  d i f f e r e n c e s  between s a t e l l i t e  soundings and radiosondes 
t h a t  a re  due t o  the  inaccurac ies  i n h e r e n t  i n  the  radiosondes themselves, 
bo th  the  random d i f f e r e n c e  between the  i n d i v i d u a l  members o f  one type of 
sonde and the  b iases  t h a t  a r e  known t o  e x i s t  between d i f f e r e n t  types of 
sondes. However, i t  w i l l  p rov ide  a use fu l  means of comparing competing 
concepts on a common b a s i s  and w i l l  come f a r  c l o s e r  than eve r  before t o  
p r e d i c t i n g  performance from space. As such i t  w i l l  be a key t o o l  i n  the  
process o f  d e f i n i n g  the  s a t e l l i t e  sounding system o f  the  f u t u r e .  
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2. INSTRUMENT DESCRIPTIONS 
2.1 High-resol  u t i o n  I n f r a r e d  Rad ia t i on  Sounder-2 (HIRS-2) (D. Wark) 
Requirements f o r  t he  HIRS-2 evolved du r ing  severa l  yea rs  when exper i -  
mental and opera t i ona l  ins t ruments  were c a r r i e d  on the  NIMBUS and NOAA 
s a t e l l i t e s .  The h i s t o r y  o f  the  inst ruments i n d i c a t e s  a p rogress ion  
designed t o  p rov ide  the  most s u i t a b l e  and p r a c t i c a l  s e t  o f  measurements t o  
s a t i s f y  the  needs f o r  temperature, humid i ty ,  and ozone r e t r i e v a l s .  
Ob jec t i ves  were accompl i shed by expanding the  number o f  spec t ra l  i n t e r v a l  s 
and the  s p a t i a l  coverage, w h i l e  i nc reas ing  the  s p a t i a l  r e s o l u t i o n .  Table 
2.1.1 l i s t s  some o f  t he  ins t ruments  and t h e i r  c h a r a c t e r i s t i c s  [2-63. 
Table 2.1.1 I n f r a r e d  sounding ins t ruments  anteceding HIRS-2 
SPECTRAL NO. OF SPECTRAL SPAT I AL 
RESOLU ION RESOLUTION 
ACRONYN SATELLITE (urn) INTERVALS (cm- r 1 (km) SCAN RANGE SPECTRAL 
SIRS NIMBUS-3 
I R I S  NIMBUS -3 
SIRS-B NIMBUS-4 
I R I S - D  NIMBUS-4 
SC R NIMBUS-4 
ITPR N IMBUS - 5 
SC R N IMBUS - 5 
VTPR NOAA-2 TO 5 
















































For  ins t ruments  anteceding ITPR, soundings were made from a s i n g l e  s e t  
o f  simultaneous measurements of  radiance. To account f o r  c louds 
i n t e r f e r i n g  w i t h  r a d i a t i o n  f rom the  atmospheric gases, i t  was necessary t o  
devote one o r  two la rge ly - independent  measurements t o  the  de terminat ion  o f  
c loud he igh ts  and amounts. As a r e s u l t ,  those measurements cou ld  n o t  be 
used f o r  soundings, caus ing degradat ion i n  the q u a l i t y  o f  r e s u l t s  f o r  the  
lower  t roposphere.  
To c o r r e c t  f o r  t h i s  d e f i c i e n c y  i n  p a r t l y  c loudy areas, inst ruments 
By a technique i n  which ad jacent  
were designed t o  sample w i t h  enhanced r e s o l u t i o n  the  areas from which i n d i -  
v idua l  soundings were t o  be obta ined.  
measurements were compared [7] ,  the  radiances f o r  c loud less  p o r t i o n s  cou ld  
be deduced even i n  the  absence of  a complete ly  c loud- f ree observa t ion .  
A s i n g l e  p a i r  o f  ad jacent  observa t ions  i s  l i k e l y  t o  i n t roduce  ser ious  
e r r o r s  i n t o  the deduced values o f  c l e a r  radiances unless c e r t a i n  c o n d i t i o n s  
p r e v a i l :  t he re  i s  a s i n g l e  c loud  l a y e r  a t  the same h e i g h t  i n  the  f i e l d s - o f -  
view of  the  p a i r ;  t he re  a r e  no s i g n i f i c a n t  h o r i z o n t a l  g rad ien ts  o f  a i r  tem- 
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pera ture ,  humid i t y  o r  sur face  temperature; and the re  i s  a l a r g e  d i f f e r e n c e  
i n  c loud  cover between the  two f i e l d s - o f - v i e w .  The a l t e r n a t i v e  i s  t o  have 
enough ad jacen t  measurements t o  p e r m i t  a judgment o f  t he  unclouded r a d i -  
ances from s t a t i s t i c a l  a n a l y s i s .  The lower  l i m i t  on the  number o f  measure- 
ments r e q u i r e d  i s  n i n e  (3x3) ,  b u t  a b e t t e r  r e s u l t  i s  ob ta ined i f  the  number 
i s  almost 50. 
To e s t a b l i s h  t h e  r e s o l u t i o n s ,  t h e  spacing between soundings must be 
spec i f i ed .  
f o r  soundings t o  be spaced 500 km apar t .  
p r e d i c t i o n  models o f  t he  near f u t u r e ,  t h i s  dimension was reduced t o  250 km. 
Therefore,  the  mean spacing o f  t he  HIRS-2 measurements was s p e c i f i e d  t o  be 
about 1/7 o f  250 km, o r  35 km. 
Requirements f o r  t h e  F i r s t  GARP Global Experiment (FGGE) were 
Consider ing needs f o r  numerical 
Global coverage i s  d e s i r a b l e  each 12 hours i f  poss ib le .  Bu t  an upper 
l i m i t  o f  60 degrees was planned upon the  l o c a l  z e n i t h  angle ( t h e  z e n i t h  
angle o f  t he  s a t e l l i t e  as viewed from the  e a r t h )  o f  t he  observat ions;  
beyond t h a t  l i m i t ,  observa t ions  would n o t  be u s e f u l  f o r  numerous reasons. 
For  the  TIROS-N/NOAA s e r i e s  o f  s a t e l l i t e s  a t  nominal a l t i t u d e s  of 833 km, 
t h i s  r e s t r i c t i o n  r e s u l t s  i n  an unavoidable data gap between 35s and 35N. 
The d e f i c i e n c y  i s  n o t  judged t o  be ser ious .  
The f i n a l  c o n s i d e r a t i o n  i n  r e s o l u t i o n  i s  the  e f f e c t  o f  the  c louds '  
dimensions. A t  very low r e s o l u t i o n ,  t he  p r o b a b i l i t y  o f  observ ing  e i t h e r  
c l e a r  o r  ove rcas t  c o n d i t i o n s  w i t h i n  the  f i e l d - o f - v i e w  i s  smal l .  As reso lu -  
t i o n  i s  increased, t h e r e  w i l l  be i n c r e a s i n g  numbers o f  observa t ion  a t  o r  
approaching c l e a r  o r  ove rcas t  c o n d i t i o n s .  Very c loudy c o n d i t i o n s  w i l l  be 
r e j e c t e d  i n  the  analyses o f  t he  data, b u t  h ighe r  y i e l d s  o f  acceptable data 
r e s u l t  from improved r e s o l u t i o n .  Unpublished r e s u l t s  f rom s t u d i e s  o f  t h i s  
problem i n d i c a t e  t h a t  r e s o l u t i o n s  should be a few k i l o m e t e r s  and n o t  more 
than a few tens  o f  k i l omete rs .  
From these cons ide ra t i ons ,  and from techno log ica l  c o n s t r a i n t s ,  t he  
r e s o l u t i o n  and scan p a t t e r n  f o r  HIRS-2 were es tab l i shed.  
d e p i c t s  the  f i e l d s - o f - v i e w  p r o j e c t e d  on the  ea r th .  
n a d i r  on successive scan l i n e s  t o  t h a t  t h e r e  w i l l  be no ove r lap  a t  t he  
extreme p o s i t i o n s  a t  t he  l e f t  and r i g h t .  
gap o f  about 500 km a t  t he  equator.  
F i g u r e  2.1.1 
There a r  56 spots per  
sc n l i n e ,  w i t h  r e s o l u t i o n s  va ry ing  between about 12 x 18 km 5 and 30 x 58 
km 8 . It may be no ted  t h a t  t he re  i s  a l a r g e  gap between observa t ions  i n  t h e  
The 2240 km scan w i d t h  leaves  a 
2.1.2 Spect ra l  i n t e r v a l s  and spec t ra l  r e s o l u t i o n  
From Table 2.1.1 we see t h a t  t h e r e  has been an e v o l u t i o n a r y  inc rease 
i n  the  number o f  spec t ra l  i n t e r v a l s  sampled. 
seven i n t e r v a l s  i n  the  15 pm CO2 band and one i n  the  window a t  11 m, a l l  
w i t h  r e s o l u t i o n s  o f  5 cm-1. 
increase i n  the  number o f  i n t e r v a l s  t h e r e  would have l i t t l e  b e n e f i t  o t h e r  
than a s t a t i s t i c a l  suppression o f  noise.  On the  o t h e r  hand, the  absence o f  
measurements i n  H20 bands was a handicap because o f  t he  i n a b i l i t y  t o  
account f o r  t he  i n f l u e n c e  o f  water vapor abso rp t i on  i n  the  more t ransparen t  
p o r t i o n s  o f  t he  carbon d i o x i d e  band. 
I n  the  SIRS-A t h e r e  were 
As shown by Weinreb and Crosby [8], an 
Th is  l e d  t o  the  i n c l u s i o n  o f  s i x  
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i n t e r v a l s  i n  the  H20 r o t a t i o n a l  band between 18 vm and 36 vm i n  the  SIRS-B. 
Another expansion o f  t h e  number o f  i n t e r v a l s  was t o  l angu ish  as new 
s p e c t r a l  i n t e r v a l s  and g r e a t e r  sampling c a p a b i l i t i e s  were e x p l o i t e d .  The 
ITPR made use of t he  3.7 um window, b e t t e r  s p a t i a l  r e s o l u t i o n  and increased 
sampling r a t e s .  The VTPR, on t h e  o t h e r  hand, was con f ined  t o  t h e  s p e c t r a l  
r e g i o n  12-18.8 vm, w i t h  b e t t e r  geographical  coverage and moderate s p a t i a l  
r e s o l u t i o n .  The designs o f  these ins t ruments  were guided main ly  by t h e  con- 
d i t i o n  o f  technology and by spacec ra f t  l i m i t a t i o n s .  
water  vapor channel t o  a i d  i n  temperature r e t r i e v a l s  and t o  p rov ide  an e s t i -  
mate of t o t a l  water  vapor. 
Each had a s i n g l e  
The p r o t o t y p e  f o r  t he  HIRS-2 was t h e  HIRS, which i nco rpo ra ted  as w e l l  
as s p e c t r a l  i n t e r v a l s  e q u i v a l e n t  t o  those i n  SIRS-A, severa l  channels i n  
the  N20 and CO2 bands a t  4.8 Fcm and 4.3 urn; the  g r e a t e r  dependence o f  t h e  
Planck f u n c t i o n  a t  those wavelengths was deemed t o  p rov ide  s i g n i f i c a n t l y  
g r e a t e r  i n fo rma t ion  than from t h e  15 um measurements alone. Two channels 
i n  the  6.3 vm wa te r  vapor band were designed t o  g i ve  water  vapor p r o f i l e s  
( n o t  j u s t  t o t a l  wa te r  vapor) ,  t h e  s h o r t  wavelength window a t  3.7 
r e t a i n e d  f o r  s p e c i f y i n g  c l o u d  e f f e c t s ,  and a channel a t  0.69 vm was added t o  
was 











F i g u r e  2.1.1 Scan p a t t e r n  of t he  HIRS-2 p r o j e c t e d  on the  e a r t h  f rom a 
s a t e l l i t e  a t  833 km a l t i t u d e .  
step-scanning m i r r o r  which remains f i x e d  d u r i n g  the  60 ms observat ion;  
successive scan l i n e s  r e s u l t  from t h e  s a t e l l i t e  motion, w i t h  a r e p e t i t i o n  
r a t e  of 6.4 seconds. C i r c u l a r  and oval  o u t l i n e s  show t h e  observed areas. 
L e f t  t o  r i g h t  mot ion i s  achieved by a 
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assist i n  the cloud estimates during daytime (the short wavelength window 
is  significantly affected by reflected solar radiation). 
The HIRS-2 modifications t o  HIRS included: the a d d i t i o n  of one chan- 
nel in the 6.3 pm water vapor band t o  increase the capab i l i t y  for determin- 
i n g  water vapor profiles; a channel i n  the 9.6 pm ozone band, w h i c h  was t o  
provide a means of correcting for the influence of the weak 14.3 vm band on 
the nearby C02 channels, as well as meeting a secondary objective of es t i -  
mating t o t a l  ozone; and a second short wavelength channel a t  4 vm t o  provide 
further a i d  i n  evaluating the reflected solar radiation. 
of the instruments from t h a t  of o b t a i n i n g  temperature retrievals t o  the 
inclusion of water vapor profiles and some estimate of t o t a l  ozone as well. 
I n  a d d i t i o n ,  new tools were added in the form of short wavelength channels, 
b o t h  for determining the effects of clouds and for exploiting the variable 
nature of Planck radiation w i t h  wavelength. However, the additions intro- 
duced the unwanted in f l  uence of reflected solar radiation i n  some channel s ,  
w h i c h  demanded further spectral information. 
I t  i s  seen t h a t  the transition over the years was t o  expand the scope 
Spectral resolution was recognized from the outset as an important 
qua l i ty  i n  a sounding instrument. However, the spectral bandpass of an 
instrument must be balanced against other requirements. For instance, the 
needs for greater spatial resolution and areal coverage require shorter 
times spent observing a t  a single locat ion.  
ter  i s  a square-root increase i n  bandpass, while for a f i l t e r  radiometer 
the increase i s  linear. The ITPR, the VTPR, the HIRS and the HIRS-2, a l l  
f i l t e r  instruments, employed broader spectral bandpasses as acceptable 
a1 ternati ves t o  degradi ng other desirable properties . 
Compensation w i t h  a spectrome- 
I n  the 15 um band of C O z  the absorption lines are almost equally 
spaced a b o u t  1.6 cm-1 apa r t .  
sitive t o  the bandpass of an instrument i f  the bandpass i s  much less than 
the line spacing. 
atmosphere and t o  the sharp weighting functions w h i c h  are the hallmark of 
the AMTS. 
ters of the lines i s  included, and the much greater absorption leads t o  a 
mixture of exponential transmittances and a broadening of the weighting 
funct ion .  
line spacing; further broadening of the bandpass has l i t t l e  effect on the 
weighting funct ion .  
line spacing, a much greater broadening of the bandpass wi l l  have l i t t l e  
effect on the performance of the retrieval process. However, absorption 
changes not  only between lines b u t  also from one line t o  the next, so the 
bandpass may not  be increased t o  the poin t  where i t  encompasses lines whose 
strengths are greatly different. This imposes upper limits t o  bandpasses. 
I n  several unpublished studies, i t  has been shown t h a t  a useful compromise 
can be achieved w i t h  multi-layer f i lm f i l t e rs  h a v i n g  half-widths of a b o u t  
15 cm-l i n  the 15 pm band.  
Absorption midway between the lines i s  insen- 
T h i s  leads t o  simple exponential transmittance of the 
B u t  as the bandpass i s  increased, absorption closer t o  the cen- 
The poorest condi t ion  i s  reached when the bandpass equals the 




Bandpasses i n  the  o t h e r  s p e c t r a l  reg ions a re  s u b j e c t  t o  s i m i l a r  argu- 
ments, b u t  t h e  reasoning may d i f f e r  where l i n e  spacings a re  n o t  equal .  The 
HIRS-2 bandpasses have a l l  been compromises, s ince  d e t e c t o r  no ise imposes 
the  u l t i m a t e  l i m i t a t i o n .  Given t h e  dwel l  t ime o f  60 ms, t h e  o p t i c a l  des ign 
and loss f a c t o r s ,  and t h e  d e t e c t o r ' s  d e t e c t i v i t y ,  what bandpass i s  r e q u i r e d  
i n  each s p e c t r a l  i n t e r v a l ?  I f  t h a t  s p e c i f i c a t i o n  i s  unacceptable, what 
o t h e r  f a c t o r  i n  t h e  des ign i s  t o  be s a c r i f i c e d ?  Table 2.1.2 sumnarizes some 
o f  t h e  r e s u l t i n g  c h a r a c t e r i s t i c s  o f  t h e  HIRS-2. 
Table 2.1.2 Some c h a r a c t e r i s t i c s  o f  the  HIRS-2 channels. 
Channel Frequency Bandpass Absorber Level Purpose 
30 Atmos. Temp. 
60 Atmos. Temp. 
100 Atmos. Temp. 
400 Atmos. Temp. 
600 Atmos. Temp. 
800 Atmos. Temp. 
900 Atmos. Temp. 
Sfc.  
900 Water Vapor 
700 Water Vapor 
500 Water Vapor 
1000 Atmos. Temp. 
950 Atmos. Temp. 
700 Atmos. Temp. 
16 2270 23 N20/C02 400 Atmos. Temp. 
17 236 1 23 CO2 5 Atmos. Temp. 
Sfc.  Sun R e f l e c t .  18 2512 35 W i ndow 
19 2617 100 Window Sfc . Sfc .Temp. / C l  ds . 
20 1436 7 1000 Window Cld. Sun R e f l e c t .  
(cm-1) ( cm-1) (mb 1 
1 668 3.5 CO2 
2 679 10 COP 
3 69 1 12 co2 
4 704 16 CO2 
5 716 16 CO2 
6 732 16 CO2 
7 748 16 CO2 
9 1028 25 03 
10 1217 60 "20 
11 1364 40 H20 
12 1484 80 H20 
13 2190 23 N20 
14 2213 23 N20 
15 2240 23 N20/C02 
S fc  .Temp. /C1 ds . 
25 Ozone Inf . /Amt.  
8 898 35 Window 
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2.2 Advanced Meteoro log ica l  Temperature Sounder (AMTS) ( H .  Aumann and N. Evans) 
2.2.1 AMTS System Ra t iona l  and D e s c r i p t i o n  
Dur ing  the  p a s t  20 yea rs  cons iderab le  progress has been made i n  remote 
sensing o f  v e r t i c a l  temperature p r o f i l e s ;  d i f f e r e n t  techniques have been 
developed t o  recover  p r o f i l e s  g l o b a l l y  w i t h  an accuracy o f  2 t o  2.5K.  Th is  
accuracy, however, fa1 1 s s h o r t  o f  the  requirements f o r  numerical p r e d i c t i o n  
models. 
d u r i n g  the  p a s t  decade, models have evo lved f a r  more r a p i d l y  than the  capa- 
b i l  i t i e s  o f  sate1 1 i te-borne temperature sounders t o  supply accura te  data. 
For example, t he  va r ious  numerical c i r c u l a t i o n  models developed a t  
NASA-GSFC, NOAA, GFDL, and NCAR have e i g h t  l a y e r s  o r  more below the  100 mb 
pressure l e v e l .  The c u r r e n t  genera t ion  o f  sounders i s  capable o f  sounding 
the  troposphere a t  o n l y  t h r e e  o r  f o u r  l e v e l s .  
r e s o l u t i o n  i s  caused main ly  by the  broadness o f  we igh t i ng  f u n c t i o n s  o f  
c u r r e n t  ins t ruments .  When the  we igh t i ng  f u n c t i o n s  a r e  broad, e m i t t e d  
energy reach ing  the  s a t e l l i t e  i n  each channel w i l l  have components o r i g i -  
n a t i n g  f rom a t h i c k  l a y e r  o f  t h e  atmosphere, thereby making r e c o n s t r u c t i o n  
o f  f i n e - s c a l e  v e r t i c a l  d e t a i l s  p r a c t i c a l l y  impossible.  Because o f  t h i s ,  as 
w e l l  as c l o u d  contaminat ion,  con taminat ion  by 03, H20 and o t h e r  minor 
c o n s t i t u e n t s ,  and sur face  e f f e c t s ,  the  rms e r r o r s  i n  the  r e t r i e v e d  tem- 
pe ra tu re  p r o f i l e s  remain h igh .  
sounder capable o f  doub l i ng  the  v e r t i c a l  r e s o l u t i o n  of atmospheric tem- 
pe ra tu re  p r o f i l e s  and improv ing  t h e i r  accuracy by 0.5K t o  1.OK. I n  add i -  
t i o n  t h e  proposed sounder pe rm i t s  improved de te rm ina t ion  of a wide v a r i e t y  
o f  meteoro log ica l  parameters on c loud iness ,  sur face  temperatures and a i r -  
sur face  i n t e r a c t i o n s .  These improvements a r e  accomplished i n  p a r t  through 
mu1 ti spec t ra l  observa t ions  w i t h  a s e t  o f  narrow band-pass channel s p r o p e r l y  
se lec ted  from t h e  h i g h  J - l i n e s  i n  the  R-branch o f  t h e  4.3 vm CO2 band. 
Th is  s e t  i s  complemented by a s e t  o f  window, humid i t y  and temperature chan- 
n e l s  i n  the  3.7, 6.3, 9 and 15 um reg ions  p o s i t i o n e d  away from absorp t i on  
l i n e s  due t o  minor atmospheric c o n s t i t u e n t s  [9]. A r e p r e s e n t a t i v e  AMTS 
channel se t ,  used f o r  t he  HIRS/AMTS comparison t e s t s ,  i s  shown i n  Table 
2.2.1. Table 2.2.2 i l l u s t r a t e s  the  e f f e c t s  o f  abso rp t i on  by 03 and H20 
on the  HIRS and AMTS temperature sounding channels. Weighting f u n c t i o n s  
f o r  t h e  AMTS temperature sounding channels a r e  shown i n  F i g u r e  2.2.1, and 
f o r  some o f  t he  water vapor channels i n  F i g u r e  2.2.2. 
the  b e s t  spec t ra l  r e g i o n  f o r  temperature sounding channel s e l e c t i o n .  It 
takes advantage o f  t h e  temperature dependence o f  the  h igh-J  l i n e s ,  which 
a c t s  t o  enhance the  pressure  e f f e c t  i n  the  t roposphere where the  tem- 
pe ra tu re  decreases wi th  h e i g h t .  I t  a l s o  makes use o f  the  s t r o n g  dependence 
o f  t he  Planck f u n c t i o n  on changes i n  temperature. Consequently a s e t  o f  
4.3 pm CO2 band channels was se lec ted  t o  determine the  temperature p r o f i l e  
i n  the  lower t roposphere and a corresponding s e t  f rom the  15 pm CO2 band t o  
determine the  r e s t  o f  t h e  temperature p r o f i l e  as shown i n  Table 2.2.1. 
The need f o r  improved sounding i s  accentuated by the  f a c t  t h a t  
The l i m i t a t i o n  i n  v e r t i c a l  
The proposed AMTS i s  a h i g h  spec t ra l  r e s o l u t i o n  (v/Av = 1200) i n f r a r e d  
The R-branch o f  t he  4.3 p m  CO2 band between 2383 cm-l and 2390 cm-l i s  
The AMTS was designed t o  support  a method developed by Chahine [10,11] 
10 
Table 2.2.1 AMTS channels 
band Channel Frequency Wavelength Bandwidth Molecu la r  Main 
Number v (cm-1) A (vm)  AV (cm-l)  Const i tuents** Func t ion  
1* 606.95 50 C1 oud 
2* 623.20 :::%j 0.50 C02,N20,H20,03 F i l t e r i n g  
3* 627.80 15.929 0.50 
4 15. lb5 0.50 
1 5 66;: ;: 15.466 0.50 
6 654.35 
7 665.55 15.025 0.50 C02,03 ,H20 ,N20 P r o f  i 1 e 
8 
9 668.15 14.967 0.50 Atmosphere 
2 12 1231.80 ::E 1.00 N20,HzO H20 Window 
15.282 0.50 Temperature 
666.85 14.996 0.50 Upper 
10 669.45 14.938 0.50 
11 1203.00 1.00 
13 1770.30 5.646 1.50 
14 1805.50 5.539 1.50 
15 1839.40 5.437 1.50 
17 1850.90 5.403 1.50 
18 1889.57 5.292 1.50 
19 1930.10 5.181 1.50 
20 2384.00 4.195 2.00 
21 2386.10 4.191 2.00 Temperature 
22 2388.20 4.187 2.00 C02,H20 P r o f i  1 e 
23 2390.20 4.184 2.00 Lower 
4 24 2392.35 4.180 2.00 Atmosphere 
25 2394.50 4.176 2.00 
26 2424.00 4.125 2.50 N20,C02,H20 A i r  Surface T 
28 265865 : 8 3.723 2.50 
3 16 1844.50 5.422 1.50 H20,N20,C02 H20 P r o f i l e  
2/ 2 0  3.992 2.50 Nz0, COz,  H20 Surface 
Temp 
*6OGHz 02 frequencies can be s u b s t i t u t e d  f o r  Channels 1-3 
* * In  o r d e r  o f  decreasing 1 i ne s t rengths .  
t o  r e t r i e v e  v e r t i c a l  temperature p r o f i l e s  from IR radiance measurements, 
even i n  the  presence o f  c louds .  Th is  method, which has been v e r i f i e d  by 
Susskind [121 u s i n g  c u r r e n t  H I R S  sounder data, i s  based on the  assumptions 
t h a t  1) the  c l o u d  d i s t r i b u t i o n  i s  inhomogeneous, and 2) t h a t  no f i e l d  o f  
view i s  n e c e s s a r i l y  c l o u d  free. I n  o r d e r  t o  c o r r e c t  f o r  t he  e f f e c t s  o f  
c louds  on the  i n f r a r e d  observa t ions ,  rad iance data i s  r e q u i r e d  i n  two 
spec t ra l  reg ions  and over  two ad jacen t  f i e l d s  o f  view hav ing  d i f f e r e n t  
amounts o f  c l o u d  cover. I n  the  case o f  the  AMTS t h r e e  long-wave channels 
from the  15 Um CO2 band were se lec ted  t o  c o r r e c t  f o r  the  e f f e c t s  of c l o u d  
and haze. 
channel s from the  60 GHz 02 1 i n e .  ) 
accura te  s k i n  surface temperature o f  bo th  l a n d  and oceans a s e t  o f  "super 
window'' channels were chosen from t h e  3.7 urn reg ion .  
bandpasses i s  e s s e n t i a l  f o r  s e l e c t i n g  extremely t ransparen t  windows. 
( A l t e r n a t i v e l y  i t  would be p o s s i b l e  t o  use approp r ia te  microwave 
To account f o r  sur face  r e f l e c t i v i t y  and e m i s s i v i t y  and t o  r e t r i e v e  
The use o f  narrow 
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668.4 - . I  0 - .1 30 
679.05 - .03 0 - .03 60 
690.2 100 
703.7 - .83 - .09 - .92 280 
716.4 -2.01 - .08 -2.09 475 
732.4 -1.59 - .64 -2.23 725 
749.5 -1.20 - .41 -1.61 s u r f a c e  
668.2 0 0 0 3 
669.4 .02 0 .02 20 
666.8 .04 0 0 30 
665.6 0 0 0 70 
654.4 - .02 0 - .02 90 
646.6 - .06 0 - .06 180 
634.3 - .07 0 - .07 270 
668.4 .1 .02 .12 
679.05 .42 0 .42 
690.2 
703.7 - .41 - .47 - .88 
716.4 -1.30 - .59 -1.89 
732.4 -1.16 -1.39 -2.55 
749.5 - .89 -3.41 -4.30 
2190.4 0 -1.16 -1.16 
2212.6 0 - .74 - .74 
2240.1 o - .31 - .31 







s u r f  ace 




668.2 .01 0 .01 
669.4 .10 0 .10 
666.8 37 0 .37 
665.6 .19 0 . I 9  
654.4 .1 0 .1 
646.6 .1 0 .1 
634.3 0 - .06 .06 
2384.0 0 0 0 
2386.1 0 - .01 - .01 
2388.2 0 - .01 - .01 
2390.2 0 - .01 - .01 
2392.4 0 - .03 - .03 












s u r f  ace 
s u r f a c e  
........................................................................... * 
Effec t s  of H 2 0  continuum are  n o t  i nc luded .  
S i m u l a t i o n  s t u d i e s  have shown t h a t  t h e  AMTS can p rov ide  s imul taneously  
The r e t r i e v e d  
many impor tan t  weather and c l i m a t e  parameters w i t h  h i g h  accuracy and w i t h  
the  consis tency i n  q u a l i t y  needed t o  assess c l i m a t e  changes. 
parameters i nc l  ude: 
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CHANNEL Y ,  cm 
9 668. I5 
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I (v)  aPnp 
F i g u r e  2.2.1 Weight ing func t ions  o f  AMTS temperature sounding channels. 
l a y e r s  o f  broken c louds  w i t h  an abso lu te  accuracy o f  1.5K a t  
8 d i s t i n c t  l e v e l s  below 100mb. 
2. R e l a t i v e  humid i t y  p r o f i l e s  a t  up t o  6 d i s t i n c t  l e v e l s  between 
the  su r face  and 200mb, and t h e  t o t a l  p r e c i p i t a b l e  water  vapor. 
3. Sea-surface temperature w i t h  an abso lu te  accuracy of 1K and a 
r e l a t i v e  accuracy o f  0.5K. 
4. Ai r -sea temperature d i f f e rence  w i t h  a r e l a t i v e  accuracy o f  
13 
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Weight ing f u n c t i o n s  o f  AMTS wa te r  vapor channels. 
+ 1K.  - 
Surface temperature o f  l a n d  w i t h  an abso lu te  accuracy o f  1.5K. 
The f r a c t i o n a l  cover  and h e i g h t  o f  m u l t i p l e  c l o u d  l a y e r s  (as 
seen from above) w i t h  an abso lu te  accuracy o f  0.05 and 0.25 
km r e s p e c t i v e l y .  
To ta l  ozone burden o f  the  atmosphere. 
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2.2.2 AMTS Base l i ne  Inst rument  D e s c r i p t i o n  
Based on AMTS system performance s i m u l a t i o n  r e s u l t s ,  a s e t  o f  goal 
AMTS i ns t rumen t  requirements were s p e c i f i e d .  A d e t a i l e d  conceptual des ign 
f o r  a mul t i -channel  g r a t i n g  spectrometer inst rument  was then developed as a 
b a s e l i n e  f o r  examining i ns t rumen t  and system performance i n t e r a c t i o n s .  














I n  o r b i t  l i f e t i m e  
O r b i t  
TY Pe 
A1 t i  tude 
Time 
Scan coverage 
I n d i v i d u a l  f o o t p r i n t  s i z e  
Spec t ra l  channel s 
Minimum equi  Val e n t  scene 
tempera t u  r e s  
Spec t ra l  Reso lu t i on  - 
( V / A V )  (Ref.Table 2.2.1.1) 
Absol u t e  channel frequency 
s e t t i n g  t o l e r a n c e  (14.1 
Knowl edge o f  channel 
frequency s e t t i n g  ( l a )  
Knowl edge o f  channel i n t e n s i t y  
vs frequency response 
F o o t p r i n t  s p a t i a l  r e g i s t r a t i o n  
and r a d i o m e t r i c  s i m u l t a n e i t y  
r e l a t i v e  r a d i o m e t r i c  e r r o r  ( l a )  
Random r a d i o m e t r i c  e r r o r  ( l a )  





8:30 AM o r  3:30 PM 
100% e a r t h  coverage every 
10 x lOkm 
(See Table 2.2.1.1) 
24 hours 
194K t o  233K 
1200 
7.5 x 10-5 
1.5 x 10-5 
0.1K A T  
0.1K AT 
0.5K AT 
Note t h a t  requirements 1 through 4 were se lec ted  t o  s a t i s f y  assumed base- 
1 i ne system in -orb i  t 1 i f e t i m e  and e a r t h  coverage requirements. 
Requirements 5 through 13, however, a r e  e s s e n t i a l  for t h e  AMTS method o f  
p r o f i l e  r e t r i e v a l ,  and a re  r e l a t i v e l y  independent o f  se lec ted  e a r t h  
coverage parameters. 
g r a t i n g  spectrometer d i c t a t e d  t h e  f o l l o w i n g  o p t i c a l  design c r i t e r i a  f o r  t h e  
AMTS inst rument :  
Parametr ic equat ions developed f o r  t h e  performance o f  a genera l i zed  
1. To min imize NEN p e r  IFOV w i t h i n  l i m i t a t i o n s  o f  a g i ven  dwel l  
t ime, bandwidth, and achievable D*: 
a. Use a h i g h  d i s p e r s i o n  g r a t i n g  
b. Operate t h e  g r a t i n g  near L i t t r o w  
c. Use a l a r g e  r e c t a n g u l a r  i ns t rumen t  ape r tu re  
d. Use a square IFOV 
e. Where D* i s  e s s e n t i a l l y  independent o f  d e t e c t o r  area: 
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- Use a low F/NO d e t e c t o r  f i e l d  l e n s  
- Immerse the  de tec tors .  
2. To f u r t h e r  minimize NEN per  IFOV f o r  a g iven s p a t i a l  coverage 
and s p a t i a l  r e s o l u t i o n ,  inc rease dwel l  t ime  by: 
a. Use o f  a mult i -channel  ins t rument  
b. Use o f  l i n e a r  a r rays  of de tec to rs  (and IFOV's) pe r  
spec t ra l  channel. 
3. To c o n t r o l  s l i t  f u n c t i o n  w ing  response s p e c t r a l  c r o s s t a l k ,  
use a wide g r a t i n g ;  i .e., one w i t h  a 1 arge number o f  grooves. 
4. To c o n t r o l  scene s p a t i a l  c r o s s t a l k  and s p a t i a l  s i m u l t a n e i t y  
e r r o r ,  use low F/NO o p t i c s  f o r  t he  g r a t i n g  i n l e t  c o l l i m a t o r  
and f o r e o p t i c s  t e l  escopp. 
An o p t i c s  l a y o u t  f o r  t h e  AMTS base1 i n e  g r a t i n g  spectrometer i s  shown 
i n  F i g u r e  2.2.3. 
shown i n  F i g u r e  2.2.4. 
g r a t i n g  i n  the  3 r d  through 1 3 t h  o rders .  
c e n t e r  o f  cu rva tu re  o f  an in -p lane,  o f f - a x i s  double passed Bouwers con- 
c e n t r i c  c o l l i m a t o r .  The i n l e t  s l i t  assembly c o n s i s t s  o f  a l i n e a r  a r ray  o f  I 
nomina l l y  square i n l e t  s l i t s  16 elements long.  
ves as t h e  f i e l d  s top  f o r  t he  ins t rument .  I t  s p a t i a l l y  de f i nes  t h e  i n d i -  
v idua l  
s p a t i a l  dimension t o  i n s u r e  f o o t p r i n t  s p a t i a l  s i m u l t a n e i t y .  An o f f - a x i s  
Schwarzschi ld te lescope p r o j e c t s  t h e  i n l e t  s l i t  a r ray  on to  the  surface of 
t h e  e a r t h  f rom an 833 km a l t i t u d e  as an a r r a y  o f  nominal 10 x 10 km i n d i -  
v idua l  f o o t p r i n t s  160 km l o n g  o v e r a l l  a t  n a d i r .  Th i s  a r r a y  i s  s tep  scanned 
- +48" c r o s s t r a c k  by a r o t a t i n g  45" scan m i r r o r .  The 10 x 10 km n a d i r  f o o t -  
p r i n t s  a r e  cont iguous, bo th  a long t r a c k  and across t r a c k ,  r e s u l t i n g  i n  100 
percent  area coverage ( imag ing)  o f  a cont inuous swath 2000 km wide. The 
f o c a l  p lane assembly c o n s i s t s  o f  28 separate, s imu l taneous ly  i l l u m i n a t e d ,  
l i n e a r  d e t e c t o r  arrays--one f o r  each spec t ra l  channel. Each a r r a y  i s  16 
elements l ong .  
o rde r  f i l t e r  l o c a t e d  ahead o f  t he  e x i t  s l i t  jaws. 
l o c a t e d  j u s t  behind t h e  e x i t  s l i t  jaws, images t h e  i ns t rumen t  p u p i l - - t h e  
g r a t i  ng--upon the  d e t e c t o r  element. Photoconducti  ve HgCdTe de tec to rs  a r e  
used f o r  Bands 1 and 2. P h o t o v o l t a i c  InSb de tec to rs  a r e  used f o r  Bands 3 
and 4. De tec to r  immersion lenses a re  used f o r  t he  HgCdTe de tec to rs  o n l y .  
The d e t e c t o r  dewar i s  coo led  t o  75K. The spectrometer o p t i c s  a r e  coo led  t o  
160K. The o p t i c a l  bundle i s  mechanical ly chopped fo rward  o f  t he  i n l e t  s l i t  
a r ray .  
The capabi 1 i ty i s prov ided f o r  i n-o rb i  t s p e c t r a l  moni t o r i  ng and a1 i gn- 
ment, u s i n g  t h e  696.94672 nm and 966.54198 nm l i n e s  o f  neon as t h e  spec t ra l  
re fe rence source. Three separate spec t ra l  re fe rence  s l i t s ,  s p a t i a l l y  d i s -  
p laced some d i s tance  t o  t h e  s ides  o f  the  I R  s i g n a l  s l i t  a r ray ,  a r e  l o c a t e d  
i n  a the rma l l y  s t a b l e  entrance s l i t  mask which con ta ins  t h e  I R  s l i t  a r ray .  
The r e l a t i v e  p o s i t i o n s  of t he  entrance s l i t s  a r e  accu ra te l y  known. Three 
separate p a i r s  o f  s p a t i a l  p o s i t i o n  d i s c r i m i n a t o r  de tec to rs ,  one p a i r  f o r  
D e t a i l s  o f  t h e  i n l e t  s l i t  and image plane o p t i c s  a re  
The g r a t i n g  i s  l o c a t e d  a t  t he  
Th is  spectrometer design uses an R-2 Eche l l e  
Th is  i n l e t  s l i t  a r ray  se r -  
I 





Each d e t e c t o r  element assembly uses a one percent  bandwidth 
An F /1  f i e l d  l ens ,  
I 
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Figure 2.2.3 AMTS baseline g r a t i n g  spectrometer optics layout .  
each spectral reference i n l e t  s l i t ,  are located on the thermally stable 
image plane mask. The relat ive positions of the spectral discriminator 
detector arrays w i t h  respect t o  each other and t o  the IR image plane chan- 
nel s l i t s  a re  a lso accurately known. Given the knowledge of re la t ive s l i t  
positions and  of the grating groove spacing, and given the measured spatial  
displacements of the spectral reference s l i t  images, absolute g r a t i n g  inci-  
dent and diffracted angles--and channel frequencies--can be determined 
through the solution of a s e t  of three simultaneous equations. Within 
l imi t s ,  channel frequency errors can be corrected by adjusting the g r a t i n g  



























cnanges of t h e  s p e c t r a l  re fe rence  channels due t o  i ns t rumen t  al ignment 
a b e r r a t i o n s  can be measured, and t h e  knowledge o f  IR channel ( s )  i n t e n s i t y  
vs frequency response can be updated. 
F o o t p r i n t  s p a t i a l  r e g i s t r a t i o n  -and rad iomet r i c  s i m u l t a n e i t y  a r e  essen- 
t i a l l y  assured by t h e  o p t i c a l  and mechanical design o f  t h e  ins t rument .  The 
abso lu te  r a d i o m e t r i c  goal requirement i s  admi t t e d i y  pushing the  c u r r e n t  
s t a t e  of t h e  a r t .  The AMTS p r o f i l e  r e t r i e v a l  a lgo r i t hm,  however, can be 
"tuned" t o  reduce the  e f f e c t s  of l o n g  term sys temat ic  r a d i o m e t r i c  e r r o r s ,  
and we b e l i e v e  t h a t  s u b s t a n t i a l l y  l a r g e r  systemat ic e r r o r s  can be 
t o l e r a t e d .  The most c h a l l e n g i n g  aspec t  o f  t h e  AMTS ins t rumen t  des ign  i s  
the  requirement f o r  ex t remely  p r e c i s e  r e l a t i v e  rad iomet ry .  
sources of random r a d i o m e t r i c  e r r o r  f o r  t he  base l i ne  i ns t rumen t  des ign  a re  
l i s t e d  i n  Table 2.2.3. ( I n  t h i s  contex t ,  ''random rad iomet r i c  e r r o r ' '  i n c l u -  
des a1 1 r a d i o m e t r i c  e r r o r s  except  l o n g  term sys temat ic  e r r o r s .  ) 
es t imates  pe r  i n d i v i d u a l  f o o t p r i n t  element a re  sumnarized f o r  each band. 
The mean and standard d e v i a t i o n  of t h e  one sigma values o f  t he  "Noise 
E f f e c t i v e  D e l t a  Temperature (NEAT) w i t h i n  each spec t ra l  band a r e  1 i s t e d  i n  
Table 2.2.3. 
i n d i v i d u a l  spec t ra l  channel performance v a r i a t i o n s  as a f u n c t i o n  o f  atmos- 
p h e r i c  p r o f i l e  and scene s p a t i a l  c o n t r a s t  v a r i a t i o n s .  P o t e n t i a l l y  ma jor  
i ns t rumen t  performance l i m i t i n g  e r r o r  sources a r e  scene p o l a r i z a t i o n  
e f f e c t s  and scene s p a t i a l  c r o s s t a l k  e f f e c t s .  Scene p o l a r i z a t i o n  e r r o r s  can 
be e f f e c t i v e l y  e l im ina ted ,  a t  t h e  p r i c e  o f  ins t rument  complex i ty ,  by making 
the  i ns t rumen t  response independent of scene p o l a r i z a t i o n .  
c r o s s t a l k  e r r o r s  cannot be e l i m i n a t e d  w i t h i n  the  ins t rument .  
reduced four orders  of magnitude, however, through deconvo lu t ion- -o r  image 
processing--of  t he  apparent measured scene image radiance values. 
e f f e c t s  o f  these e r r o r  r e d u c t i o n  techniques have n o t  been inc luded  i n  NEAT 
values l i s t e d  i n  Table 2.2.3. I t  shou ld  be noted t h a t  scene p o l a r i z a t i o n  
e f f e c t s  a re  r e l a t e d  t o  s o l a r  s c a t t e r i n g  f rom clouds, and a r e  p a r t i c u l a r l y  
severe over  a l i m i t e d  range of s c a t t e r i n g  angles. Scene s p a t i a l  c r o s s t a l k  
e f f e c t s  a r e  a f u n c t i o n  o f  scene c o n t r a s t  and g r a n u l a r i t y .  
u l a r l y  severe o n l y  f o r  h i g h  c o n t r a s t  scenes, which a r e  e f f e c t i v e l y  due t o  
s o l a r  s c a t t e r i n g  f rom broken c louds .  
I d e n t i f i e d  
E r r o r  
B u r i e d  w i t h i n  these sumnary es t imates  a r e  the  e f f e c t s  o f  
Scene s p a t i a l  
They can be 
The 
They a r e  p a r t i c -  
I r r e s p e c t i v e  o f  the  exac t  approach for f u tu re  passive I R  atmospheric 
sounding, t h e  n e x t  genera t i on  sounding system w i l l  r e q u i r e  an i ns t rumen t  
capable o f :  1) m u l t i s p e c t r a l  observa t ions  of t h e  atmosphere and the  sur -  
face, 2 )  r e l a t i v e l y  h i g h  s p e c t r a l  r e s o l u t i o n ,  and 3 )  very  h i g h  r a d i o m e t r i c  
p r e c i s i o n .  A number o f  e r r o r  sources i d e n t i f i e d  f o r  t h e  AMTS b a s e l i n e  
spectrometer conceptual design and t h e  o r d e r  of magnitude o f  t he  base l i ne  
i ns t rumen t  performance e r r o r s  a r e  p r e d i c t i v e  of t h e  performance f o r  any 
nex t  genera t i on  I R  sounder, whatever t h e  exac t  system and ins t rumen t  
approach. 
2.2.3 AMTS Ins t rument  Noise 
Noise e q u i v a l e n t  rad iance (NEN) values supp l i ed  f o r  use i n  the  
HIRS/AMTS comparison t e s t s  a r e  l i s t e d  i n  Table 2.2.4. 
l i s t e d  a r e  f o r  i n d i v i d u a l  10 x 10 km ( n a d i r )  f o o t p r i n t s ,  
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The NEN values i n  Table 2.2.4 were supp l i ed  i n  t h e  s p r i n g  o f  1980. 
Since then, t h e  AMTS channel s e t  and the  b a s e l i n e  i ns t rumen t  design have 
been mod i f ied  t o  some e x t e n t  through e v o l u t i o n .  The NEN values i n  Table 
2.2.4 a r e  s t i l l  r e p r e s e n t a t i v e  of AMTS performance c a p a b i l i t y ,  b u t  a r e  
somewhat conserva t i ve  i n  t h e  sense t h a t  i ns t rumen t  no ise  values represented  
a r e  i n  general somewhat g r e a t e r  than c u r r e n t  es t imates .  
Table 2.2.4 AMTS NEN values f o r  NASA/NOAA HIRS/AMTS comparison t e s t  
Channel Wavenumber Bandwidth NEN (10 x 10km F.P.) 
1 606.95 0.50 51.2 x 10-Y 
2 623.20 0.50 50.4 I' 
3 627.80 0.50 49.8 I' 
4 634.30 0.50 49.3 I1 
5 646.60 0.50 50.1 'I 
6 654.35 0.50 44.4 
7 665.55 0.50 44.1 I1 
8 666.85 0.50 44.0 I' 
9 668.15 0.50 44.4 It 
10 669.45 0.50 44.0 I' 












1.00 2009 x 10-12 




















20 2384.00 2.00 56.4 'I 
21 2386.10 2.00 71.9 'I 
22 2388.20 2.00 58.6 'I 
23 2390.20 2.00 67.2 I' 
24 2392.35 2.00 59.7 
25 2394.50 2.00 62.4 I' 
26 2424.00 2.50 38.8 I' 
27 2505.00 2.50 24.6 ' I  
28 2686.00 2.50 19.7 I1 
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3. SELECTION AND DEFINITION OF ORIGINAL PROFILES (N.  P h i l l i p s )  
3.1 I n p u t  p r o f i l e s  
The p r o f  i 1 es were cons t ruc ted  f rom radiosonde r e p o r t s  t h a t  were 
se lec ted ,  modif ied,  and extended so as t o  g i v e  a m e t e o r o l o g i c a l l y  meaning- 
f u l  t e s t  and t o  e l i m i n a t e  i r r e l e v a n t  d i s t r a c t i o n s  t h a t  would compl ica te  the  
i n t e r p r e t a t i o n  of the  r e s u l t s .  For  example, a completely random s e l e c t i o n  
o f  radiosondes would n o t  p rov ide  a good enough t e s t  o f  mar i t ime cond i t i ons ,  
where the  g r e a t e s t  b e n e f i t  o f  s a t e l l i t e  temperatures i s  presumed t o  e x i s t .  
On t h e  o t h e r  hand, l o c a t i o n s  over  t e r r a i n  of apprec iab le  e l e v a t i o n  were 
n o t  used because i n  the  r e a l  w o r l d  such l o c a t i o n s  a r e  t y p i c a l l y  
mountai nous, and t h i s  i s n o t  s u i  tab1 e f o r  s tandard  sate1 1 i t e  r e t r i e v a l  
methods . 
3.2 Sampl i ng cons ide ra t i ons  
The s t a t i s t i c a l  r e t r i e v a l  technique r e q u i r e s  a dependent s e t  of tem- 
pe ra tu re  p r o f i l e s  and t h e i r  assoc ia ted  radiances t o  e s t a b l i s h  a s e t  of 
reg ress ion  c o e f f i c i e n t s .  
such a se t ,  c o l l e c t e d  over a 2-3 week per iod .  
made on an independent s e t ,  however. The t e s t  s e t  corresponding t o  a 
dependent da ta  s e t  cons i s ted  o f  radiances computed from 96 p r o f i l e s  
se lec ted  from radiosondes taken i n  the  2-week p e r i o d  f o l l o w i n g  t h a t  of t h e  
dependent se t .  
Present NESDIS p r a c t i c e  r e q u i r e s  400 p r o f i l e s  i n  
The t e s t s  p roper  must be 
Four bas i c  groups were prepared ( w i n t e r  and summer r e f e r  t o  Nor thern  
Hemi sphere).  
a. Win ter  30N-60N 
b .  Win ter  30S-30N 
c .  Sumner 30N-60N 
d. Sumter 30S-30N 
Each group conta ined a dependent (400) and t e s t  (96 )  se t ,  f o r  a t o t a l  o f  
1984 p r o f  i 1 es .1 
Win ter  and sumner data were taken from the  Special  Observing Per iod  
f i l e s  of NMC upper a i r  da ta  accumulated f o r  FGGE ( I I A  da ta)  d u r i n g  t h e  two 
pe r iods  December 24, 1978 - March 10, 1979 and A p r i l  29 - J u l y  7, 1979. 
F i v e  consecut ive  weeks were used i n  each pe r iod .  
Equal rep resen ta t i on  was g iven i n  the  dependent and t e s t  se ts  t o  con- 
t i n e n t a l  and mar i t ime s t a t i o n s .  Equal r e p r e s e n t a t i o n  was a1 so g iven t o  
each 10-degree l a t i t u d e  b e l t  i n  the  30N-60N zone and t o  each 20-degree 
l a t i t u d e  b e l t  i n  the  30S-30N zone. 
1These s i zes  were chosen t o  r e f l e c t  ope ra t i ona l  p r a c t i c e .  Standard meas- 
ures o f  s t a t i s t i c a l  r e l i a b i l i t y  a re  l i k e l y  t o  be overshadowed by quest ions 
o f  meteorol og i ca l  r e p r e s e n t a t i  veness and independence. 
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No sounding was cons idered t h a t  
a. Came from a s t a t i o n  more than 300 m above sea l e v e l  
b. Did n o t  reach a t  l e a s t  100 mb 
c. Lacked mo is tu re  r e p o r t s  (m iss ing )  below 700 mb 
d. Had n o t  passed t h e  s t r i c t e s t  o f  t he  NMC data q u a l i t y  checks 
e. Had i t s  s i g n i f i c a n t  l e v e l  da ta  missing. 
To g e t  t h e  400 p r o f i l e  dependent da ta  se ts ,  a l l  e l i g i b l e  s t a t i o n s  t h a t  
met these f i v e  c r i t e r i a  i n  one cont inuous 3-week p e r i o d  were s u b j e c t  t o  a 
random f i n a l  s e l e c t i o n ,  s u b j e c t  o n l y  t o  the  c o n s t r a i n t s  o f  equal 
c o n t i n e n t a l  -mar i t ime rep resen ta t i on ,  equal d i v i s i o n  between Euras ia  and 
Nor th  America i n  t h e  30N-60N zone, and equal rep resen ta t i on  f o r  each o f  t h e  
l b d e g r e e  o r  20-degree b e l  t s  i n  each zone. 
The t e s t  s e t  o f  96 p r o f i l e s  was based on radiosondes i n  the  2-week 
p e r i o d  f o l l o w i n g  t h a t  o f  t he  corresponding dependent data se t .  
r e s e n t a t i o n  between l a n d  and ocean w i t h i n  each l a t i t u d e  b e l t  was aga in  
r e q u i  red. 
Equal rep- 
3.3 M o d i f i c a t i o n  and ex tens ion  o f  temperature p r o f i l e s  
3.3.1 Temperatures a t  he igh ts  above the  radiosonde top  pressure 
Radiosondes seldom reach pressures l e s s  than 10 mb, the  t y p i c a l  
t e r m i n a t i o n  l e v e l  b e i n g  more l i k e  30 mb. 
temperature p r o f i l e  t o  a 1 ower pressure and r e t r i e v e d  temperatures were 
assessed up t o  16 mbs. The radiosondes t h e r e f o r e  had t o  be supplemented 
above t h e i r  t e r m i n a t i o n  l e v e l  ( f o r  example, p top )  w i t h  a temperature T top) ,  
b o t h  f o r  rad iance computations and f o r  assessment. 
by u s i n g  a re fe rence  da ta  s e t  f o r  t he  years  1966-1968 accumulated by t h e  
Ana lys is  and I n f o r m a t i o n  Branch a t  NMC f rom c o i n c i d e n t  radiosonde-rocket 
observa t ions  i n  t h a t  per iod .  
a v a i l a b l e  i n  each of f o u r  r e l e v a n t  da ta  groups: 
Radiance computations r e q u i r e d  a 
Th is  was accomplished 
One-hundred soundings up t o  0.1 mb were 





Oc t-Marc h 1116 
Ap r - Se p t I I I E  
Oc t -Marc h I I I C  
Ap r - S  ep t I I I D  
These w i l l  be r e f e r r e d  t o  as t h e  h i g h  l e v e l  supplement. 
t h i s  supplement s e t  were s e l e c t e d  by t h e  a v a i l a b i l i t y  o f  r o c k e t  data. 
Almost none of them a r e  mar i t ime.  
ques t ion  here  , c o n t i n e n t a l  observa t ions  a r e  presumably reasonably represen- 
t a t i v e  o f  oceanic c o n d i t i o n s . )  Fo r  each radiosonde i n  t h e  bas i c  se t ,  t h e  
f i v e  soundings f rom the  a p p r o p r i a t e  h i g h  l e v e l  supplement were se lec ted  
t h a t  had t h e  c l o s e s t  va lue  o f  T t o  the  radiosonde value a t  t he  sma l les t  
p ressure  va lue  reached by the  radiosonde t h a t  co inc ided  w i t h  one o f  t h e  
pressure  l e v e l s  i n  t h e  supplement. One o f  these f i v e  was then se lec ted  
by a random process and j o i n e d  on t o  the  radiosonde w i t h  a small amount 
(The soundings i n  
However, a t  t he  s t r a t o s p h e r i c  l e v e l s  i n  
23 
o f  l o c a l  v e r t i c a l  smoothing a t  t h e  j u n c t u r e .  A l l  soundings t h e r e f o r e  
te rmina ted  a t  0.1 mb (about  67 km). 
3.3.2 C o r r e c t i o n  t o  a u n i f o r m  sur face  pressure 
F o l l o w i n g  upon t h i s  v e r t i c a l  ex tens ion  t o  0.1 mb, the sounding was 
"s t re t ched"  so as t o  have a su r face  pressure o f  1000 mb and a t o p  pressure 
o f  0.1 mb. Consider a temperature T a t  pressure p i n  the  complete v e r t i -  
c a l l y  extended sounding from psfc t o  0.1 mb. 
temperature T ' ,  v a l i d  a t  p ressure  p ' .  p '  i s  g i ven  by 
T and p were replaced by a 
(1000-0.1) * ( p  - 0.1) 
(Ps fc  - 0.1) p '  ( m i l l i b a r s )  = 0.1 + 
where psfc i s  t h e  o r i g i n a l  su r face  pressure  (which i n  i t s  t u r n  becomes 1000 
mb). 
T I :  
The temperature was changed by an a d i a b a t i c  compression process t o  
The l a r g e s t  v a l u e  o f  ( p ' / p )  was a t  the  su r face  where 
R/c p ,28562 
( p ' / p )  = ( 10OO/Psfc) 
Th is  f a c t o r  ranged between 0.989 t o  1.009 f o r  ps fc  rang ing  from 1040 t o  975 
mb. (Reca l l  t he  300 m l i m i t  on s t a t i o n  e l e v a t i o n . )  
Th is  s t r e t c h i n g  s t e p  was d e s i r a b l e  t o  e s t a b l i s h  complete u n i f o r m i t y  i n  
the  l a y e r s  f o r  which r e t r i e v e d  temperatures were t o  be c a l c u l a t e d .  
example, i f  a v a r i a b l e  surface pressure  were al lowed, one r e t r i e v a l  scheme 
m igh t  be w i l l i n g  t o  r e p o r t  a 1000-880 mb temperature even though the  su r -  
face  pressure  was on ly  975 mb, w h i l e  another scheme might  n o t .  
confuse comparisons o f  t he  two schemes. 
the  former scheme extended i t s e l f  t o  1000 mb were n o t  r e l e v a n t  t o  t h i s  
s i m u l a t i o n  t e s t .  
For  
This cou ld  
Furthermore, t he  means by  which 
3.4 Mo is tu re  
Observed values (up  t o  a t  l e a s t  730 mb) were r e q u i r e d  from the 
radiosonde r e p o r t s .  T h e i r  values were n o t  changed i n  the  s t r e t c h i n g  pro- 
cess used t o  conver t  a l l  soundings t o  a standard su r face  pressure o f  1000 
mb; !.e., a va lue  o f  0.0055 f o r  s p e c i f i c  humid i t y  repo r ted  a t  pressure 850 
mb i n  the  o r i g i n a l  sounding was, i n  t h 2  s t r e t c h e d  sounding, repo r ted  a t  the  
p '  value corresponding t o  850 mb. 
were supp l i ed  from a r e l a t i v e  humid i ty  d i s t r i b u t i o n  p resc r ibed  as a s imple 
f u n c t i o n  o f  l a t i t u d e  and pressure, one f o r  w i n t e r  and one f o r  summer, 
m o d i f i e d  by a random p e r t u r b a t i o n  t h a t  was independent o f  pressure.  
l a t i t u d e  se lec ted  f o r  t h i s  purpose was a f u n c t i o n  o f  the  500-mb temperature 
Values o f  s p e c i f i c  humid i t y  t h a t  were m iss ing  between 700 and 200 mb 
The 
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o f  t h e  radiosonde. No s p e c i f i c  humid i ty  values were supp l i ed  above 200 mb. 
3.5 Ozone 
A r t i f i c i a l  ozone values (number o f  molecules p e r  cm3) were def ined by 
r e f e r r i n g  t o  two seasonal mean d i s t r i b u t i o n s  o f  ozone as a f u n c t i o n  o f  
l a t i t u d e  and pressure.  The 500-mb temperature o f  t he  radiosonde was con- 
ve r ted  i n t o  a l a t i t u d e  e n t r y  f o r  t he  mean ozone d i s t r i b u t i o n  by a 
l a t i t u d e - 5 0 0  mb temperature t rans format ion .  
c o r r e l a t i o n  t h a t  e x i s t s  i n  t h e  atmosphere between these va r iab les .  
Randomness was in t roduced  by a random p e r t u r b a t i o n  t o  the  500-mb radiosonde 
Th is  modeled the  s t r o n g  
temperature as i t  was used i n  t h  
3.6 Surface Temperature 
The temperature o f  t he  l a n d  
T (su r face1  = T '  (1000 mb) - A T .  
s process. 
o r  water  su r face  was s p e c i f i e d  by 
AT over water  was s e t  a t  a mean value p lus  
a-random number t imes a s imple f u n c t i o n  o f  l a t i t u d e ,  t he  l a t t e r  ( f o r  each 
season) b e i n g  p a t t e r n e d  a f t e r  t y p i c a l  values o f  t he  a i r - sea  temperature 
d i f f e r e n c e  r e p o r t e d  by synop t i c  sur face  sh ips .  Over l a n d  the  value o f  AT 
was s e t  by a random number t imes a s p e c i f i e d  f u n c t i o n  o f  season, l a t i t u d e ,  
l o c a l  t ime,  and 1000-mb humid i t y .  S t a t i s t i c s  o f  t he  AT value f rom the  
dependent w i n t e r  and summer se ts  were as f o l l o w s :  
- 
A T  * Tmi  n 
Win ter  Land -1.0 4.3 -18.8 
Winter  Ocean -1.9 2.7 - 7.1 
S umne r Land -2.6 5.2 -18.5 
Sumner Ocean -1.1 1.7 - 4.6 






3.7 Cloudy P r o f i l e  Array 
I n  t h e  c loudy  t e s t ,  r e t r i e v a l s  were made f rom a s e t  o f  40 t e s t  a r rays .  
S i x  a d d i t i o n a l  a r rays  were de f ined,  and f u l l  temperature i n f o r m a t i o n  about 
these s i x  were provided, so t h a t  t he  r e t r i e v a l  processing groups c o u l d  
v e r i f y  t he  reasonableness o f  the  c l o u d  s i m u l a t i o n  mechanism and a r r a y  spe- 
c i f i c a t i o n  procedures. 
radiosonde, s e l e c t e d  and m o d i f i e d  as f o r  t he  c l e a r  w i n t e r  30N-60N case. 
Each o f  these 46 radiosondes was converted i n t o  an a r ray  o f  16 p r o f i l e s  by 
adding a randomly se lec ted  h o r i z o n t a l  g r a d i e n t  f o r  each a r ray  o f  t h e  pro- 
f i l e  p r o p e r t i e s .  
Each o f  t he  46 ar rays  was based on a s i  ng l  e 
Th is  g r a d i e n t  was rep resen ta t i ve  o f  w i n t e r  g rad ien ts .  
2While these numbers seem reasonable, they a r e  a r t i f i c i a l l y  d e r i v e d  and 
should n o t  be i n t e r p r e t e d  as hav ing  any meaning beyond t h a t .  
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4. RADIANCE COMPUTATION (J. Susskind, L. McMi l l i n ,  and A. Goldman) 
4.1 General C h a r a c t e r i s t i c s  
Radiances were s imu la ted  f o r  t he  H I R S ,  AMTS, and MSU ins t ruments  t o  be 
used i n  b o t h  the  c l e a r  and cloudy p a r t s  o f  t h e  t e s t .  The M S U  was u t i l i z e d  
i n  the  c loudy p a r t  f o r  t he  purpose o f  c o r r e c t i n g  the  I R  channels f o r  c l o u d  
e f f e c t s .  
d ings  i n  t h e  c l e a r  p a r t  o f  t he  t e s t  t o  generate s t a t i s t i c a l  r e l a t i o n s h i p s  
between t h e  I R  and microwave observa t ions  t o  be used i n  the  NOAA/NESDIS c l o u d  
c o r r e c t i o n  a lgo r i t hm.  
dependence o f  t he  HIRSZ,  AMTS, and MSU observa t ions  on atmospheric and 
su r face  cond i t i ons .  
pe ra tu re  p r o f i l e ,  t h e  dependence o f  t h e  radiances on atmospheric water 
vapor and ozone d i s t r i b u t i o n s ,  ground s u r f a c e - a i r  temperature d i f f e rences ,  
r e f l e c t e d  s o l a r  r a d i a t i o n ,  c l o u d  d i s t r i b u t i o n ,  and z e n i t h  ang le  o f  obser- 
v a t i o n  i s  e x p l i c i t l y  taken i n t o  account. 
i , w i t h  c h a r a c t e r i s t i c  frequency v i ,  a re  computed accord ing  t o  
MSU radiances were a l s o  generated f o r  t he  1600 co loca ted  soun- 
The rad iance computat ion was designed t o  accu ra te l y  r e f l e c t  t he  
I n  a d d i t i o n  t o  t h e i r  dependence on atmospheric tem- 
The radiances f o r  a g iven  channel 
1 
where B[v i ,T I  i s  t h e  Planck blackbody f u n c t i o n  eva lua ted  a t  vi and tem- 
pe ra tu re  T, .r i(P,e) i s  t he  mean atmospheric t ransmi t tance from pressure P 
t o  t h e  t o p  o f  t h e  atmosphere, averaged over channel i , T(P i ,  
atmospheric temperature a t  t h e  pressure P i  f o r  which the  t ransmi t tance i s  
T ,  p i  i s  t h e  b i - d i r e c t i o n a l  r e f l e c t a n c e  o f  i n c i d e n t  s o l a r  r a d i a t i o n  o f f  the  
ground i n  t h e  d i r e c t i o n  o f  t he  s a t e l l i t e ,  H i  i s  t h e  incoming s o l a r  
r a d i a t i o n ,  and T i ' ( P s )  i s  t h e  t o t a l  atmospheric t ransmi t tance  o f  i n c i d e n t  
and r e f  1 ec t e d  s o l a r  r a d i a t i o n ,  The transmi t t ances  T i ( P  ,e ) depend expl  i - 
c i  t l y  on t h e  temperature, humid i ty ,  and ozone d i s t r i b u t i o n s  f rom pressure P 
t o  t h e  t o p  o f  t he  atmosphere, as w e l l  a e ,  t he  s a t e l l i t e  z e n i t h  angle o f  
observa t ion .  
l e s ,  t h e  ground temperature, t h e  s a t e l l i t e  z e n i t h  angle and s o l a r  z e n i t h  
angle a r e  s p e c i f i e d  by P h i l l i p s  i n  tape 1, c o n t a i n i n g  t h e  radiosonde pro- 
f i l e  i n fo rma t ion .  The b i - d i r e c t i o n a l  r e f l e c t a n c e  i s  chosen a t  random t o  
l i e  between . 0 5 / ~  and .15/r. These values correspond t o  a Lambert ian sur-  
face  w i th  e m i s s i v i t y  between .85 and .95. The su r face  e m i s s i v i t y  was taken 
as 1, however, t o  s i m p l i f y  t h e  c a l c u l a t i o n s .  Th is  apparent incons is tency  
i s  n o t  s i g n i f i c a n t  because the  e f f e c t  o f  non -un i t  e m i s s i v i t y  i s  small  i n  
t he  i n f r a - r e d  channels. 
f o r  t h a t  reason MSU channel 1, which i s  used t o  determine su r face  emiss i -  
v i t y ,  was n o t  s imu la ted  i n  t h i s  t e s t .  
i s  t h e  
Fo r  each p r o f i l e ,  t he  temperature, humid i ty  and ozone p r o f i  - 
The e f f e c t  i s  s i g n i f i c a n t  i n  t h e  MSU however, and 
Radiances f o r  HIRSE channel 17  a r e  a f f e c t e d  a g r e a t  deal by e f f e c t s  o f  
non- local  thermodynamic e q u i l i b r i u m .  As a r e s u l t  o f  t h i s ,  n e i t h e r  NOAA nor  
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NASA uses da ta  f rom t h i s  channel i n  ana lys i s  of ope ra t i ona l  HIRS2 sounding 
data.  Therefore, chan- 
ne l  17 da ta  was n o t  s imu la ted  i n  the  t e s t .  
Th is  e f f e c t  i s  n o t  i n c l u d e d  i n  equat ion  (4.1.1.) .  
Table 4.1.1 shows the  channel cen ters  and ins t rumenta l  no i se  l e v e l s  
used i n  t h e  t e s t .  
were used f o r  AMTS t o  be c o n s i s t e n t  w i t h  the  r e s o l u t i o n  o f  HIRS because 
observa t ions  i n  f o u r  10 x 10 km spots can always be averaged toge the r  under 
c l e a r  c o n d i t i o n s .  
1 eve1 s were used. 
I n  the  c l e a r  t e s t ,  t he  20 x 20 km r e s o l u t i o n  no ise  l e v e l s  
I n  t h e  c loudy t e s t ,  t he  10 x 10 km r e s o l u t i o n  no ise  
Table 4.1.1 Locat ions  f o r  H IRS and AMTS channels. Noise f o r  t h e  HIRS and 
AMTS i s  i n  mW/Mzcm-lsr. 
cen te r  w i d t h  no ise  cen te r  w i d t h  noise cen te r  no ise  
Ch. (cm-1)  (cm-1) 20x20 km (cm-1) (cm-1) 20x20 km 10x10 km GHz ( O K )  
1 668.4 3.0 0.82 6Ul.O 0.5 0.260 0.512 **50.30 0.25 
HIRS AMTS MSU 
2 679.2 10.0 0.15 
3 691.1 12.0 0.11 
4 703.6 16.0 0.08 
5 716.0 16.0 0.05 
6 732.4 16.0 0.06 
7 748.3 16.0 0.05 
8 897.7 35.0 0.02 
9 1027.9 25.0 0.03 
10 1217.1 60.0 0.03 
11 1363.7 40.0 0.04 
12 1484.4 80.0 0.03 
13 2190.4 23.0 .0011 
14 2212.7 23.0 .0012 
15 2240.1 23.0 .0009 
16 2276.3 23.0 .0007 
17" 2360.6 23.0 .0008 
18 2511.9 35.0 .0005 

































































0.504 53.74 0.25 
0.498 54.96 0.25 

























*Not s imu la ted  because o f  non- local  thermodynamic e q u i l i b r i u m  e f f e c t s .  
**Not s imu la ted  because o f  su r face  e m i s s i v i  ty e f f e c t s .  
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4.2 Uncer ta in t y  i n  know1 edge o f  t ransmi t t ance  f u n c t i o n  
This  t e s t  compares a reg ress ion  r e t r i e v a l  w i t h  a d i r e c t  phys ica l  
r e t r i e v a l .  The d i r e c t  phys ica l  i n v e r s i o n  a l g o r i t h m  f o r  r e t r i e v a l  o f  tem- 
pe ra tu re  p r o f i l e s  i n v o l v e s  t h e  computat ion o f  radiances expected f o r  t he  
channels g iven atmospheric and sur face  cond i t i ons .  A l i m i t i n g  f a c t o r  i n  
t h e  accuracy o f  r e t r i e v a l s  ob ta ined by d i r e c t  phys ica l  i n v e r s i o n  i s  t he  
accuracy o f  the  forward problem c a l c u l a t i o n  descr ibed above. I n  r e a l i t y ,  
one cannot per form the  fo rward  c a l c u l a t i o n  p e r f e c t l y .  To s imu la te  the  
agreement c u r r e n t l y  achievable between c a l c u l a t e d  and observed radiances, 
t h e  r a d i a t i v e  t r a n s f e r  c a l c u l a t j o n s  performed a t  the  U n i v e r s i t y  o f  Denver 
were r e q u i r e d  t o  d i f f e r  from those used by NASA i n  the  phys ica l  r e t r i e v a l  
by 1 t o  2% i n  RMS rad iance.  
To achieve t h i s  goal ,  Susskind (NASA/GLA) and Goldman ( U .  o f  Denver) 
compared 1 i n e - b y - l i n e  t ransmi t tance c a l c u l a t i o n s  f o r  a l l  AMTS and HIRS2 
channels us ing  Susskind, e t  a1 . [12] and Goldman and Saunders C281 programs 
and i d e n t i c a l  atmospheric p r o f i l e s  and ins t rument  response func t i ons .  
A f t e r  smal l  m o d i f i c a t i o n s  t o  t h e  assumed CO2 l i n e  shape and temperature 
dependence o f  the  ha1 f - w i  d ths , the  two programs produced radiances which 
d i f f e r e d  by the  approp r ia te  amounts. 
The o r i g i n a l  i n t e n t  was t o  have Goldman per form the l i n e - b y - l i n e  
c a l c u l a t i o n s  and use them t o  p rov ide  c o e f f i c i e n t s  f o r  the NESDIS C131 
f a s t  t ransmi t tance model . However, t he  c a l c u l a t i o n  o f  t ransmi t tances  f o r  
t he  HIRS ins t ruments  r e q u i r e d  more computer t i m e  than was a v a i l a b l e  so an 
a1 t e r n a t i v e  was requ i red .  The two p o s s i b i l i t i e s  were the  r a p i d  models i n  
use a t  NESDIS and NASA. S ince comparison o f  two inst ruments us ing  simu- 
l a t e d  data requ i res  computat ional  cons is tency and reasonable, n o t  exact ,  
agreement w i t h  nature,  e i t h e r  model would have been adequate. 
L. M c M i l l i n  o f  NESDIS uses a reg ress ion  r e t r i e v a l  method which i s  
r e l a t i v e  independent o f  t he  t ransmi t t ance  a l g o r i t h m  w h i l e  J .  Susskind 
o f  NASA uses a phys ica l  i n v e r s i o n  which i s  s e n s i t i v e  t o  the  t ransmi t tance 
model. It was decided t o  use the NASA t ransmi t tance model t o  avo id  
repea t ing  the  lengthy  process o f  matching the  NASA model w i t h  a second 
model (NESDIS ins tead  o f  A. Goldman). C o e f f i c i e n t s  f o r  the  NASA model f o r  
bo th  HIRS2 and AMTS had a l ready  been computed. I n  a d d i t i o n ,  the NASA model 
con ta ined an e x p l i c i t  dependence o f  the atmospheric t ransmi t tances  on the  
ozone d i s t r i b  t i o n  o f  t he  atmosphere which i s  n o t  con ta ined i n  the NESDIS 
However, 
atmosphere. ( 1Y 
The f o l l o w i n g  sec t i ons  descr ibe  the  t ransmi t tance and rad iance ca l cu -  
l a t i o n s  used i n  the t e s t .  
1 t o  2% e r r o r  between c a l c u l a t e d  and observed rad iance cannot be descr ibed 
The method used by Goldman t o  s t i m u l a t e  the  
( l ) A t  t he  t ime t h i s  d e c i s i o n  was made, NESDIS was n o t  aware t h a t  t he  f i l t e r  
f unc t i ons  u t i l i z e d  i n  c a l c u l a t i n g  the  HIRS2 t ransmi t tance func t i ons  and 
NASA model c o e f f i c i e n t s  were those approp r ia te  f o r  TIROS-N, r a t h e r  than 
NOAA-C, and fur thermore,  were t runcated  a t  f requencies where the f i l t e r  
f u n c t i o n s  f e l l  t o  3% o f  t h e i r  maximum values. 
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i f  t h e  s i m j u l a t i o n  i s  t o  remain r e a l i s t i c . ( z )  The shape o f  t he  t r u e  e r r o r  
i s  a l s o  unknown t o  the  r e t r i e v a l  community. 
4.3 I n t e r p o l a t i o n  o f  the  P h i l l i p s  da ta  t o  standard l e v e l s  
The numerical i n t e g r a t i o n  o f  equat ion  (4.1.1) was done u s i n g  a 64 
l e v e l  atmospheric p ressure  mesh shown i n  Table 4.2.1. Consequently, a l l  
t he  da ta  f rom the  P h i l l i p s  radiosonde tape was conver ted  t o  the  64 l e v e l  
mesh. 
f rom t h e  P h i l l i p s  s i g n i f i c a n t  pressure l e v e l s  t o  t h e  64 pressure l e v e l s .  
The ozone d i s t r i b u t i o n ,  g i ven  i n  column dens i t y  p e r  mb a t  t he  s i g n i f i c a n t  
l e v e l s ,  was i n t e r p o l a t e d  l i n e a r l y  i n  l o g  P t o  the  64 l e v e l s .  The humid i t y  
was g iven by P h i l l i p s  as s p e c i f i c  humid i ty  a t  a subset o f  s i g n i f i c a n t  
p ressure  l e v e l s ,  s t a r t i n g  f rom the  sur face  and going con t inuous ly  t o  a 
pressure,  PL, t y p i c a l l y  i n  the  mid-upper troposphere. The s p e c i f i c  humi- 
d i t y  was conver ted  t o  r e l a t i v e  humid i ty ,  which was i n t e r p o l a t e d  l i n e a r l y  i n  
l o g  P t o  t h e  sub-set o f  64 l e v e l s  a t  pressures g rea te r  than o r  equal PL. 
The r e l a t i v e  humid i t y  was then converted t o  s p e c i f i c  humid i t y  and then t o  
column d e n s i t y  p e r  mb. 
p o l a t e d  by assuming t h e  s p e c i f i c  humid i ty  a t  pressures l e s s  than o r  equal 
t o  a s t r a t o s p h e r i c  pressure, PT, t o  be 2 x 10-6 gm/gm. PT was taken as the  
l e s s e r  o f  e i t h e r  100 mb o r  the  pressure 5 l e v e l s  h ighe r  i n  the  atmosphere 
than PL. The s p e c i f i c  humid i t y  was l i n e a r l y  i n t e r p o l a t e d  i n  the  l o g  P b e t -  
ween PL and PT, t o  d e f i n e  values a t  i n te rmed ia te  pressure values. The spe- 
c i f i c  humid i t y  values above PL were then converted t o  column dens i t y  per  
mb . 
The temperature was i n t e r p o l a t e d  l i n e a r l y  i n  the  l o g  o f  t he  pressure 
A t  pressures l e s s  than PL, the  humid i t y  was e x t r a -  
Table 4.2.1 Pressure mesh used i n  the  rad iance c a l c u l a t i o n  
Level  Pressure I nc remen t 
1-10 1 mb - 10 mb 1 mb 
11, 12 15, 20 mb 5 mb 
13-30 30 mb - 200 mb 10 mb 
31 -40 220 mb - 400 mb 20 mb 
41 -64 425 mb - 1000 mb 25 mb 
4.4 Line-by-Line C a l c u l a t i o n s  Used t o  Generate Rapid A lgo r i t hm 
Coef f i c i ents  
The NASA r a p i d  t ransmi t tance  a l g o r i t h m  used i n  the  r a d i a t i v e  t r a n s f e r  
c a l c u l a t i o n s  i n  the  t e s t  i s  e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  used by GLA i n  
a n a l y s i s  o f  TIROS-N HIRSZ/MSU data, descr ibed i n  d e t a i l  i n  Susskind e t  a l . ,  
[12]. The atmospheric t ransmi t tance  func t i ons ,  T i ( P ) ,  c o n t a i n  components 
coming f rom a t t e n u a t i o n  by d i s c r e t e  l i n e s  o f  absorbing gases, T ~ L ( P ) ,  and 
( 2 ) I t  should be emphasized t h a t  t he  planned use o f  the  NESDIS r a p i d  
t ransmi t tance  model does n o t  imp ly  endorsement o f  t h a t  r o u t i n e  by NASA 
no r  does t h e  use o f  t he  NASA method imp ly  endorsement o f  the  NASA method 
by NESDIS. 
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a1 so f rom broad-banded continuum absorp t i on  fea tures .  The component coming 
from d i s c r e t e  l i n e s ,  which i s  modeled by t h e  r a p i d  a lgor i thm,  can be 
c a l c u l a t e d  by 1 i ne-by-1 i ne c a l  cu l  a t i  ons accord i  ng t o  
(4.4.1 
where F ( v )  i s  a normal ized channel response f u n c t i o n ,  kL(u,z)  i s  t he  
abso rp t i on  c o e f f i c i e n t  o f  l i n e  L evaluated a t  the  temperature and pressure 
o f  h e i g h t  z ,  CL(Z)  i s  the  molecu la r  m ix ing  r a t i o  f o r  the  gas t o  which l i n e  
L belongs, P i s  t he  dens i t y  o f  a i r ,  and e i s  t he  z e n i t h  angle o f  obser- 
va t i on .  The e v a l u a t i o n  of kL(v,z)  depends n o t  on l y  on the  s e t  o f  l i n e  
parameters used [ 161 b u t  a1 so on assumptions regard ing  the  temperature 
dependence o f  the  Lo ren tz  h a l f  w i d t h  and the  na ture  o f  t he  l i n e  shape. 
A l l  l i n e - b y - l i n e  c a l c u l a t i o n s  f o r  the  " 6 2  and AMTS channel t ransmi t -  
tances were made as i n  Susskind and Sear l  [15]  us ing  the  1978 vers ion  of 
the  AFGL l i n e  parameter tape [16]. The MSU t ransmi t tance f u n c t i o n s  were 
c a l c u l a t e d  i n  a s i m i l a r  manner, b u t  u s i n g  a Van Vleck-Weiskopf l i n e  shape 
and the over lapp ing  l i n e  theory  g iven by Rosenkranz C171 i n  the  case o f  02 
absorp t ion ,  Computations were done w i t h  a 64 l e v e l  atmosphere and a f r e -  
quency spacing o f  .OOZ cm-1 f o r  t he  HIRS2 channels and .00006 cm-l f o r  the  
MSU channels. H IRSZ c a l c u l a t i o n s  were done us ing  the f i l t e r  f u n c t i o n s  f o r  
HIRS2 on TIROS-N, t r unca ted  a t  f requencies on e i t h e r  s ide  o f  the  channel 
cen te r  where the  f i l t e r  f u n c t i o n  f e l l  t o  3% o f  i t s  maximum value. These 
same t runca ted  f i l t e r  f u n c t i o n s  a re  used by GLA i n  ana lys i s  o f  TIROS-N 
data.  
t angu la r  response f u n c t i o n s  r e s p e c t i v e l y ,  w i t h  s p e c i f i e d  h a l f - w i d t h s  and 
w i t h  the  channel cen ters  shown i n  Table 4.1.1. 
The AMTS and MSU channels were t r e a t e d  as hav ing t r i a n g u l a r  and rec -  
The CO2 l i n e  shape was taken t o  be sub-Lorentz as descr ibed by 
Susskind and Mo [18J. One s i g n i f i c a n t  m o d i f i c a t i o n  made t o  the  c a l c u l a -  
t i o n s  o f  Susskind and Sear l  [15] was t o  i n c l u d e  induced emission i n  the  
computat ion o f  t he  temperature dependence o f  t he  l i n e  s t reng ths  
S(T) QV(Ts)QR(Ts) exp(-1 .439E"/T)CI -exp(-1 .439w/T)1 
S(Ts) Qv(T)QR(T) exp(-I .439E"/Ts)[1 -exp(-1 .439u/Ts)I 
- =  X ? (4.4.2) 
where E " ,  Qv and QR are de f i ned  i n  McClatchey, e t ,  a l .  [14]. Neglect  o f  
t he  induced emiss ion f a c t o r ,  ( 1  - e x p ( - 1 . 4 3 9 ~ / T ) ) / ( l  - exp(-1.439v/TS)), as 
done i n  McClatchey, e t .  a l .  [14J and Susskind and Sear l  [15], decreases 
the i n t e n s i t y  o f  l i n e s  a t  low temperatures r e l a t i v e  t o  h i g h  temperature. 
For  example, a t  v = 650 cm-1, t he  i n t e n s i t y  o f  a l i n e  a t  220K i s  under- 
es t imated  r e l a t i v e  t o  i t s  i n t e n s i t y  a t  300 K by 3%. Such an e r r o r  has the  
e f f e c t  o f  broadening the  we igh t i ng  f u n c t i o n s  o f  channels sounding the  t r o -  
popause reg ion.  
The t o t a l  t ransmi t tance f u n c t i o n  T i ( P )  i s  taken as 
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( 4 . 4 . 3 )  
where T N  and T W  represent  continuum absorpt ion due t o  N2, and water vapor. 
Water vapor continuum and n i t r o g e n  continuum absorpt ion are t r e a t e d  as i n  
Susskind and Sear1 C151. 7~ i n  equat ion (4.4.3) represents  a r a p i d  
t ransmi t tance a l g o r i t h m  model f o r  t h e  l i n e - b y - l i n e  c a l c u l a t e d  t r a n s m i t -  
tance, T iL ,  which i s  descr ibed i n  t h e  nex t  sec t ion .  
4.5 The r a p i d  t ransmi t tance a l g o r i t h m  
The averaged d i s c r e t e  l i n e  t ransmi t tance through t h e  atmosphere f rom 
pressure PR t o  t h e  t o p  o f  t h e  atmosphere, a t  a z e n i t h  e ,  as seen by chan- 
ne l  i, i s  modeled as 
(4.5.1 1 
- 
where YiF,  Tie, and - C i w  represent  models f o r  e f f e c t i v e  l a y e r  t r a n s m i t t a n -  
ces f rom pressure P j  t o  P j - 1  ( P j  P j - 1 )  a t  z e n i t h  angle 
represents  absorp t ion  by gases assumed t o  have a f i x e d  m i x i n g  r a t i o ,  w h i l e  
T i 0  and -?iw represent  absorp t ion  due t o  ozone and water vapor r e s p e c t i v e l y .  
TiL(PR,O) from equat ion  (4.5.1) i s  used t o  model TiL(P,e) d e f i n e d  i n  
equat ion  (4.4.1) and used i n  equat ion (4.4.3). 
0 .  The term T i F  
- 
- 
L i n e - b y - l i n e  c a l c u l a t i o n s  done a t  z e n i t h  angles o f  0", 50", and 70", 
E f f e c t i v e  l a y e r  t ransmi t tances  a t  o t h e r  
are used t o  generate t h e  c o e f f i c i e n t s  f o r  t h e  e f f e c t i v e  t ransmi t tance 
models a t  t h e  appropr ia te  angle. 
z e n i t h  angles are ob ta ined by l i n e a r  i n t e r p o l a t i o n  o f  t h e  l o g a r i t h m  o f  t h e  
e f f e c t i v e  l a y e r  t r a n s m i t t a n c e  as a f u n c t i o n  o f  sec 8 between two o f  t h e  
t h r e e  angles. 
Because a g iven channel i s  no t  monochromatic, t h e  e f f e c t i v e  l a y e r  
t ransmi t tances  do n o t  obey t h e  m u l t i p l i c a t i v e  p r o p e r t i e s  associated w i t h  
monochromatic t ransmi t tances.  Instead, g iven  l i n e - b y - l i n e  t ransmi t tance 
c a l c u l a t i o n s  f o r  TiF(P,0), T i F O ( P , e ) ,  and T iFOW(P,e) ,  corresponding respec -  
t i v e l y  t o  absorp t ion  us ing  o n l y  gases o f  f i x e d  d i s t r i b u t i o n ,  us ing  f i x e d  
gases arid ozone, and us ing  a l l  species, we d e f i n e  e f f e c t i v e  mean l a y e r  
t ransmi t tances  
and 
(4 .5 .3)  
(4 .5 .4 )  
Equat ion (4.5.2) def ines an e f f e c t i v e  mean l a y e r  t ransmi t tance based on 
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line-by-line calculations using any combination of constituents C191. The 
effective layer transmittances for ozone in equation (4.5.3) and water 
vapor in equation (4.5.4) are independent of calculations based on absorp- 
tion of water vapor or ozone alone C201 and in fact, differ significantly 
from those defined in equation (4.5.2) based on the single species 
transmittances. 
The magnitude of this effect is illustrated by table A2 of Halem and 
Susskind [19] which shows that the brightness temperatures computed for VTPR 
channel 7 using line-by-line transmittances, TFOTW, differ from those com- 
puted using line-by-line TFOW, by .4"C for a tropical temperature humidity 
profile. Since, the spectral response o f  VTPR channel 7 is very similar 
to that of HIRS channel 7, errors of similar magnitude are expected for 
HIRS2 channel 7. 
The basic assumption of the models for water vapor and ozone transmit- 
tance is that the effective mean layer transmittances in equations (4.5.3, 
4.5.4) can be treated as having the transmittance properties of a gas in a 
homogeneous layer having the mean temperature T, and pressure P, of the 
atmospheric layer, and vertical column density u of the absorbing gas in 
the layer. This assumption is reasonably valid because use of equation 
(4.5.2) removes most of the dependence of the mean layer transmittance on 
the properties o f  the atmosphere above the layer, and absorption due to 
water vapor and ozone h a s  a second order effect on the radiances in the 
temperature sounding channels. 
transmittance to be proportional to u for weakly absorbing lines, and 
for strong lines. For a composite of lines, an effective exponent of 
intermediate value is obtained. The absorption coefficient depends on the 
pressure P and the temperature T. 
The following form was therefore used to model the effective water 
and ozone transmittances for all channels and all layers: 
We then expect the log of the mean layer 
where c stands for constituent, either ozone or water vapor, uc(j,j-l) i s  
the integrated column density of the species in the layer between j and 
j-1, Ni,c is a channel and species dependent constant between .5 and 1, 
Ai,j,c i s  an effective channel, species, pressure, and angle dependent 
absorption coefficient, and Bi,c is a channel and species dependent 
constant (percent change per degree). For simplicity, the temperature 
dependence, Bi,c, and exponent, NiYc, are taken to be independent of 
pressure and angle. 
effective mean layer transmittances computed from the line-by-line 
calculations. 
The coefficients A, B, and N are determined from the 
Most of the absorption for the temperature sounding channels is due to 
the gases of fixed distribution, primarily C02 and N20. The transmittance 
at a given angle depends only on the temperature profile. The effective 
mean layer transmittance for each reference angle is modelled according to 
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where T j  i s  t h e  mean temperature i n  t h e  l a y e r  j, between P j - 1 ,  f o r  t h e  tem- 
p e r a t u r e  p r o f i l e  under cons idera t ion ,  T.0- i s  t h e  mean temperature i n  l a y e r  
j i n  a standard temperature p r o f i l e ,  and T i  j and P i  are e f f e c t i v e  mean 
temperatures f o r  t h e  e n t i r e  p r o f i l e  f rom P j  t o  t h e  $ 0 ~  o f t h e  atmosphere 
f o r  t h e  temperature p r o f i l e  under c o n s i d e r a t i o n  and t h e  standard tem- 
p e r a t u r e  p r o f i l e  r e s p e c t i v e l y .  
pressure P f o r  channel i i s  d e f i n e d  as t h e  averaged temperature above 
‘pressure P weighted by t h e  we igh t ing  f u n c t i o n  f o r  channel i. 
temperature i s  then channel and angle dependent and i s  de f ined as 
The e f f e c t i v e  mean temperature above 
The e f f e c t i v e  
(4.5.7)  
where Tio(P,e) i s  t h e  t ransmi t tance of channel i f o r  t h e  standard tem- 
p e r a t u r e  p r o f i l e .  
The c o e f f i c i e n t s  D i j ( e ) ,  E i j ( e ) ,  and F i j ( e )  are determined so as t o  
As expected, t h e  c o e f f i c i e n t  D i j ( e >  was 
g i v e  t h e  b e s t  f i t  i n  t h e  l e a s t  squares sense t o  t h e  values o f  T i F  ob ta ined 
f rom l i n e - b y - l i n e  c a l c u l a t i o n s .  
found t o  be very c l o s e  t o  T i F o ( P j , P j - l , e ) ,  t h e  e f f e c t i v e  l a y e r  t r a n s m i t t a n -  
ces f o r  t h e  standard p r o f i l e .  
Th is  model i s  n e a r l y  i d e n t i c a l  t o  t h e  model used by N E S D I S  and descr ibed 
by Eq. (14) of M c M i l l i n  and Fleming C211. 
major d i f f e r e n c e  o f  any s i g n i f i c a n c e  i n  terms o f  accuracy i s  t h e  number o f  
terms used i n  t h e  expression. 
Although d e t a i l s  d i f f e r ,  t h e  
4.6 Radiances f o r  t h e  c loudy  t e s t  
Radiances f o r  t h e  c loudy  p o r t i o n  o f  t h e  t e s t  were computed i n  t h e  same 
manner as i n  t h e  c l e a r  p o r t i o n  except t h a t  f o r  i n f r a - r e d  channels, t h e  
sur face  terms i n  equat ion (11, Ts and Ps, were rep laced by Tc and Pc, t h e  
temperature o f  t h e  c loud t o p  and t h e  pressure of t h e  c loud top. 
microwave channels were t r e a t e d  as unaf fec ted  by c louds. I n  a d d i t i o n ,  a l l  
cases i n  t h e  c loudy  t e s t  were a t  n i g h t .  Th is  was done p r i m a r i l y  t o  avo id  
t h e  d i f f i c u l t y  o f  model ing r e f l e c t e d  s o l a r  r a d i a t i o n  o f  c louds. 
c o n s t r u c t i o n  o f  t h e  d e t a i l e d  rad iance f i e l d s  i n  t h e  c loudy  cases, con- 
s i s t e n t  w i t h  t h e  temperature, humid i ty ,  and c loud d i s t r i b u t i o n s  and t h e  





5.1 GLA r e t r i e v a l  techniques ( 3 .  Susskind and M. Chahine) 
5.1.1 The c l e a r  t e s t  
The r e t r i e v a l  methods used by GLA i n  t h e  t e s t  a re  very s i m i l a r  t o  t h e  
procedures used i n  a n a l y s i s  o f  TIROS-N HIRS2/MSU da ta  [12 ]  a t  t h e  t ime the  
t e s t  was conducted. 
c o n d i t i o n s ,  which, when s u b s t i t u t e d  i n  t h e  r a d i a t i v e  t r a n s f e r  equat ion  
(4.1.1), match the  observa t ions  t o  a s p e c i f i e d  amount. 
s t a r t s  w i t h  an i n i t i a l  guess, computes the  expected radiances, compares 
them w i t h  the  observat ions,  and mod i f i es  the  guess i n  such a way as t o  
decrease the  d i f f e r e n c e  i n  observed and computed b r igh tness  temperatures. 
Radiances a r e  recomputed based on the  n e x t  i t e r a t i v e  p r o f i l e  and the  proce- 
dure i s  repeated u n t i l  s u f f i c i e n t  agreement i s  ob ta ined  between observed 
and computed rad iances .  
The method i s  based on f i n d i n g  atmospheric and su r face  
The procedure 
The procedures used i n  the  t e s t  d i f f e r  f rom those used i n  ana lys i s  of 
TIROS-N da ta  f o r  two reasons: 
1. A 6-hour f o r e c a s t  guess o f  temperature and humid i ty  i s  
used i n  ana lys i s  o f  TIROS-N da ta  b u t  i s  n o t  a v a i l a b l e  i n  
t he  t e s t .  
2. The no ise  l e v e l s  i n  t h e  t e s t  a r e  r e a l i s t i c  assessments o f  
i ns t rumen ta l  no i se  b u t  do n o t  i n c l u d e  the  e f f e c t s  o f  scene 
no ise  . 
As a r e s u l t  o f  these d i f f e r e n c e s ,  t h e  f i r s t  guess temperature p r o f i l e  used 
i n  the  a n a l y s i s  was based on a reg ress ion  r e l a t i o n s h i p  between observed 
b r igh tness  temperatures and radiosonde temperature p r o f i l e s .  Also, t he  
form o f  i t e r a t i v e  r e l a x a t i o n  equat ion  was m o d i f i e d  so as t o  decrease the  
smoothing a p p l i e d  t o  the  s o l u t i o n .  
humid i t y  p r o f i l e  and t h i s  r e q u i r e d  a f i r s t  o rde r  c o r r e c t i o n .  Th is  s tep  
i s  n o t  employed when a f o r e c a s t  humid i t y  i n i t i a l  guess i s  used f o r  a n a l y s i s  
o f  r e a l  data.  
C l imato logy  was used as a f i r s t  guess 
5.1.2 Steps i n  t h e  process ing  system 
The radiances i n  t h e  c l e a r  p a r t  o f  t h e  t e s t  were analyzed i n  a 
sequence o f  steps enumerated below. Before  the  i t e r a t i v e  procedure t o  
determine temperature p r o f i l e s  i s  s t a r t e d ,  a number o f  p r e l i m i n a r y  steps 
must be done. F i r s t ,  t he  radiances, which a r e  observed a t  z e n i t h  angle , 
are  c o r r e c t e d  t o  h y p o t h e t i c a l  radiances expected t o  be seen under t h e  same 
geophysical c o n d i t i o n s  viewed a t  n a d i r  (S tep  1 - Sec t ion  5.1.3). 
radiances a re  then used t o  generate a f i r s t  guess temperature p r o f i l e  v i a  
reg ress ion  techniques (Step 2 - Sec t ion  5.1.4). Besides genera t ion  of t he  
reg ress ion  guess, an a d d i t i o n a l  p r e l  im ina ry  s t e p  i n v o l v e s  t u n i n g  t h e  
observed radiances t o  remove systemat ic d i f f e r e n c e s  i n  b r i gh tness  tempera- 
t u r e s  computed by Goldman, which rep resen t  the  “ t r u e ”  physics, and those 
These 
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computed by GLA, which rep resen t  "approximate" physics (Step 3 - Sec t ion  
5.1.5). I n  o r d e r  t o  beg in  c a l c u l a t i o n s  o f  expected b r igh tness  temperatures 
as a f u n c t i o n  o f  temperature p r o f i l e ,  one s t i l l  needs a f i r s t  es t ima te  o f  
ground temperature (S tep  4 - Sec t ion  5.1.6) and humid i ty  p r o f i l e  (Step 5 - 
Sec t ion  5.1.7). Radiances a t  t h e  observed z e n i t h  angle,  expected f o r  t he  
i n i  ti a1 guess temperature p r o f  i 1 e, ground temperature, and humid i ty  pro- 
f i l e ,  a r e  now computed (S tep  6 )  as descr ibed i n  Chapter 4. The i t e r a t i v e  
scheme now begins by comparing the  observed radiances w i t h  radiances com- 
puted from t h e  Nth  guess (Step 7 )  and t e r m i n a t i n g  the  procedure i f  agree- 
ment i s  s u f f i c i e n t l y  c lose .  
p r o f i l e  i s  generated (S tep  8 - Sec t ion  5.1.8) f o l l owed  by an N + l  es t ima te  
o f  ground temperature (S tep  9 - as i n  Step 4 ) .  
es t ima te  parameters, t h e  N + l  es t ima te  o f  observed radiances a r e  computed 
(Step 10 as i n  Step 6 )  and the  i t e r a t i v e  procedure r e t u r n s  t o  Step 7 t o  
check f o r  convergence. 
Otherwise, an N + l  es t imate  o f  temperature 
Using these new N + l  
The s teps  a r e  sumnarized below: 
1. Angle c o r r e c t  observed radiances t o  p r e d i c t e d  n a d i r  
observa t ions  i n  o rde r  t o  
2. Generate reg ress ion  guess TO(P) 
3. Tune observed radiances t o  remove sys temat ic  d i f f e r e n c e s  
between radiances computed by Goldman and GLA 
4. R e t r i e v e  a ground temperature and s o l a r  r a d i a t i o n  c o r r e c t i o n  
5. Ad jus t  humid i t y  p r o f i l e  
6. Compute expected radiances us ing  reg ress ion  guess and ground 
temperature 
Check d i f f e r e n c e s  between observed and expected radiances. 
I f  s u f f i c i e n t l y  accurate,  t e rm ina te  procedure 
7. 
8. A d j u s t  atmospheric temperature p r o f i l e  
9. Recompute ground temperature 
10. Compute radiances u s i n g  i t e r a t i v e  atmospheric and ground 
temperature - r e t u r n  t o  s t e p  7 
Table 5.1.1 shows t h e  channels o f  HIRS2 and AMTS and i n d i c a t e s  which 
channels a r e  i n v o l v e d  i n  each o f  t he  steps. 
The d e t a i l s  o f  each s t e p  a re  g i ven  i n  t h e  f o l l o w i n g  sec t i ons .  
5.1.3 The ang le  c o r r e c t i o n  o f  radiances t o  generate the  reg ress ion  guess 
The obse 
sate1 1 i t e  zen 
va t i ons  o f  HIRS2 and AMTS a r e  generated a t  t he  s p e c i f i e d  
t h  angle f o r  each sounding. I n  per fo rming  t h e  phys ica l  
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Table 5.1.1 Channels used i n  d i f f e r e n t  s teps  
HIRS AMTS 
Angl e C o r r e c t i o n  - - 3-10, 20-26 
Regression Guess :-:; ::-:: 3-10, 20-26 
Tuning 1-7, 13-16 1-10, 20-26 
Ground Temperature 18, 19 26-28 
Temperature P r o f i l e  1-4, 13-15 4-10, 20-24 
Humidi ty C o r r e c t i o n  8 11 
r e t r i e v a l ,  t h e r e  i s  no need f o r  an "ang le  c o r r e c t i o n "  t o  t h e  radiances. 
The computation o f  t h e  r a d i a t i v e  t r a n s f e r  equat ion  4 ; l . l  i s  done a t  t he  
approp r ia te  angle and no o t h e r  c o r r e c t i o n  i s  necessary. 
i n  o rde r  t o  generate an i n i t i a l  guess temperature p r o f i l e  based on 
reg ress ion  re1  a t i o n s h i p s  between observed b r igh tness  temperatures and 
atmospheric temperature p r o f i l e s ,  i t  i s  d e s i r a b l e  t o  remove t o  f i r s t  o rde r  
t h e  angle dependence o f  t h e  s a t e l l i t e  b r i gh tness  temperatures. To do t h i s ,  
observed s a t e l l i t e  b r i gh tness  temperatures a t  angle e ,  Tg(o) ,  a r e  c o r r e c t e d  
t o  Tg(O), " t h e i r  values i f  the  observa t ions  were a t  n a d i r . "  
generate b r igh tness  temperatures expected a t  nad i r ,  Tg(O), g iven  b r igh tness  
temperatures computed a t  z e n i t h  angle e ,  TB(e), we use the  equat ion  
T B ( 0 )  = TB(e) + AC(Jsec e - 1 ) / ( J s e c  50 -l)lTB(e). 
On the  o t h e r  hand, 
I n  o rde r  t o  
(5 .1  . I  1 S S S 
The s u p e r s c r i p t  S means da ta  s imu la ted  by GLA. 
used t o  rep resen t  da ta  generated by Goldman. 
x 12 f o r  HIRS2 us ing  channels shown i n  Table 5.1.1. 
cons t ruc ted  f o r  w i n t e r  and summer. 
The s u p e r s c r i p t  G w i l l  be 
A i s  15 x 15 f o r  AMTS and 12 
A separate m a t r i x  was 
The c o e f f i c i e n t s  o f  the m a t r i x  A were determined by s i m u l a t i n g  rad ian-  
ces f o r  t he  800 p r o f i l e s  a t  a 50" z e n i t h  angle and a t  n a d i r  as descr ibed i n  
Chapter 4. 
l a t e d  from t h e i r  values h i g h e s t  i n  t h e  atmosphere t o  values a t  1 mb 
accord ing  t o  c l ima to logy .  C l i m a t o l o g i c a l  ozone p r o f i l e s  were used i n  the  
ana lys i s .  
- + a random 3" C d i f f e r e n c e .  The m a t r i x  A was determined by a r i d g e  
regress ion .  
The radiosonde temperature and humid i t y  p r o f i l e s  were ex t rapo-  
The ground temperature was taken as t h e  su r face  a i r  temperature 
A = [TB(0) S - TB(50)l S TB(50)' S [Ts(50) Ts(50)' + MAcAI] 2 -1 , B B (5.1.2) 
where MA i s  t h e  number o f  p r o f i l e s  i n  the  sample used f o r  angle c o r r e c t i o n ,  
I i s  t he  i d e n t i t y ,  and A i s  t h e  r i d g e  parameEer which was e m p i r i c a l l y  
op t im ized t o  be .05. I n  equat ion  (5.1.21, TB(50) representsSthe  m a t r i x  o f  
b r i gh tness  temperatures s imu la ted  f o r  50" z e n i t h  angle and TR(0) ,  t he  
b r igh tness  temperatures s i  u l a t e d  a t  n a d i r .  Once A i s  obtained, Eq. 5.1.1 
i s  used t o  angle c o r r e c t  T i ( @ )  t o  T@(O) t o  be used t o  generate the  
reg ress ion  f i r s t  guess. 
5.1.4 Generat ion o f  t he  reg ress ion  guess 
Separate reg ress ion  equat ions o f  t he  form 
T(P) = T(P) + (5.1.3) 
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were cons t ruc ted  f o r  each o f  t he  e i g h t  zones i n  the  dependent s e t .  
equat ion  (5.1.31, T(P) i s  t h e  (up  t o )  64 l e v e l  temperature p r o f i l e  g i ven  by 
the  t runca ted  radiosonde p r o f i l e  p rov ided  by- P h i l l i p s  i n t e r p o l a t e d  t o  the  
64 standard l e v e l s  shown i n  Table 4.3.1, and T{P) i s  t h e  mean o a l l  t h e  
vec to r  o f  b r i g h t n e s s  temperatures f o r  t he  NR channels used f o r  !?egression 
cons t ruc ted  by angle c o r r e c t i n g  t h e  da ta  p rov ided by Soldman f o r  t h e  par-  
t i c u l a r  p r o f i l e  t o  0" accord ieg  t o  equat ion  (5.1.1). $(O) i s  t h e  mean 
vec to r  o f  a l l  t h e  r e s u l t i n g  TB(0)  i n  the  dependent se t .  NR = 15 f o r  AMTS 
and 12 f o r  H IRS w i t h  the  channels shown i n  Table 5.1.1. Note t h a t  a l l  
humid i ty  sounding channels and most window channels a r e  excluded f rom the  
reg ress ion  f o r  bo th  ins t ruments .  
I n  
p r o f i l e s  i n  t h e  co loca ted  data s e t  ( ~ 2 0 0  p r o f i l e s  p e r  zone). T E ( 0 )  i s  t h e  
Because t h e  know1 edge o f  t h e  temperature p r o f i  1 es was i ncompl e t e  , d i  f - 
f e r e n t  p r o f i l e s  extend t o  d i f f e r e n t  l e v e l s  i n  t h e  atmosphere. 
reg ress ion  equat ion  (5.1.2) t r e a t s  each l e v e l  as independent o f  t he  o the rs .  
The m a t r i x  B was t runca ted  i n  t h e  pressure index so as t o  i n c l u d e  o n l y  
those pressures where a sample o f  a t  l e a s t  30 temperatures were repor ted .  
This was t y p i c a l l y  i n  t h e  range o f  20-30 mb. 
The 
The s o l u t i o n  t o  equat ion  (5.1.3) was found by r i d g e  reg ress ion  
where R i s  t he  r i d g e  parameter taken as . 5 " C ,  and MR i s  t h e  s i z e  of t h e  
dependent s e t  sample a t  each l e v e l .  B i s  eva lua ted  a t  each pressure l e v e l  
based on the  subset o f  MR p r o f i l e s  f o r  t h a t  l e v e l .  
i n i t i a l  guess t o  be used i n  t h e  r e t r i e v a  
equat ion  (5.1.3) w i t h  the  values o f  7 ,  +(O), and B coming f rom the  
approp r ia te  zone o f  t h e  dependent se t .  
ween 1 mb and t h e  l owes t  pressure i n  the  B m a t r i x  i s  cons t ruc ted  by e x t r a -  
p o l a t i o n  accord ing  t o  c l ima to logy .  
Given an a r r a y  o f  angle c o r r e c t e d  b r igh tness  temperatures TG(0), t he  
i s  cons t ruc ted  accord iag  t o  
f h e  i n i t i a l  guess a t  pressures b e t -  
5.1.5 Tuning of t h e  observed radiances 
I n  o rde r  t o  account f o r  p o s s i b l e  systemat ic d i f f e r e n c e s  i n  t e ca l cu -  
l a t i o n  of observed r i g h t n e s s  temperatures computed by Goldman, 6, and 
s imu la ted  by GLA, T , a s tep  was in t roduced  t o  remove these d i f f e r e n c e s  t o  
f i r s t  o rder .  
reg ress ion  i n i t i a l  guess, b u t  i s  s i g n i f i c a n t  f o r  the  phys ica l  r e t r i e v a l  
s o l u t i o n ,  j u s t  as the  angle c o r r e c t i o n  t o  0" was impor tan t  f o r  t he  
reg ress ion  guess b u t  i r r e l e v a n t  f o r  t h e  phys ica l  r e t r i e v a l .  
P 
Th is  g tep  i s  i r r e l e v a n t  w i t h  rega rd  t o  the  c o n s t r u c t i o n  o f  the  
The systemat ic d i f f e r e n c e s  a r e  minimized by comparing the  ependent 
s e t  of ' 'observed" b r i g h t n  ss temperatures computed by Goldman 4, w i t h  
re1 a ti on 
those s imu la ted  by GLA, TB, f and f i n d i n g  C and D which b e s t  fi! the  
Ti = C Ti + D (5.1.5) 
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where C i s  an NT x NT m a t r i x  f o r  the  NT channels tuned and D i s  a NT x 1 
vec tor .  Once C and D a re  ob ta ined from a n a l y s i s  o f  a dependent se t ,  the  
observed b r igh tness  temperatures TE i n  the  independent s e t  a re  m o d i f i e d  
accord ing t o  
(5.1 
" G  G T B = C T B + D  6 )  
E so as t o  b e s t  match the b r igh tness  temperatures w e  would compute under t h  same cond i t i ons .  R e t r i e v a l s  a re  performed us ing  T$ as data r a t h e r  than T . 
Only those p r o f i l e s  which reached a t  l e a s t  40 mb i n  temperature and 625 mB 
i n  water  vapor were used t o  generate C and D. The temperature p r o f i l e s  
were e x t r a p o l a t e d  t o  1 mb accord ing t o  c l ima to logy ,  w h i l e  the  water  vapor 
p r o f i l e s  were e x t r a p o l a t e d  by assuming the  s p e c i f i c  humid i ty  was l i n e a r  i n  
I n  P t o  225 mb, above which c l i m a t o l o g i c a l  values f o r  t he  water  vapor spe- 
c i f i c  humid i t y  were used. 
Four  se ts  o f  C and D were found; one f o r  each season f o r  each i n s t r u -  
ment. S ince on ly  those p r o f i l e s  which repo r ted  temperature t o  a t  l e a s t  40 
rnb and water  vapor t o  a t  l e a s t  625 mb were used, t he re  were about 200 
p r o f i l e s  f o r  bo th  summer and w i n t e r  used t o  f i n d  C and D. 
ne l s  were used on bo th  s ides o f  equat ion  (5.1.5). These were channels 1-7 
and 13-16 for HIRS and channels 1-10 and 20-26 f o r  AMTS. Some channels 
used i n  the  t u n i n g  a re  n o t  used i n  t h e  phys ica l  r e t r i e v a l  b u t  a ided i n  t h e  
systemat ic  e r r o r  removal. I n  a d d i t i o n ,  window channels were genera l l y  n o t  
tuned because t h e i r  rad iances a re  n o t  s e n s i t i v e  t o  small changes i n  absorp- 
t i o n  c o e f f i c i e n t s .  
The same chan- 
I n  o rder  t o  compute radiances g iven the  radiosonde repo r t s ,  i t  was 
necessary t o  determine a ground temperature and, i n  the  day cases, a sur-  
face  r e f l e c t i v i t y  f o r  s o l a r  r a d i a t i o n .  The ground temperature and sur face  
r e f l e c t i v i t y  were determined f rom a n a l y s i s  o f  t he  untuned Goldman data as 
descr ibed i n  the  n e x t  sec t i on .  
5.1.6 Ground temperature and c o r r e c t i o n  f o r  s o l a r  r a d i a t i o n  
The ground o r  sea sur face  temperatures a re  computed i n  an analogous 
A t  n i g h t ,  on ly  one channel i s  necessary t o  
manner t o  t h a t  o f  Susskind e t  a1 . [22], us ing  on ly  the  shortwave window 
channels. 
t i o n  o f  u n i t  e m i s s i v i t y .  
determine a ground temperature. 
o b t a i n  bo th  a ground temperature and a c o r r e c t i o n  f o r  s o l a r  r a d i a t i o n  
r e f l e c t e d  o f f  t he  ground. 
perature,  Ts, a re  e i t h e r  observed o r  can be computed based on the  es t imated  
temperature-humidi ty p r o f i l e .  
v a t i o n  i n  window channel i accord ing  t o  
-
The equat ions a re  s i m p l i f i e d  i n  the  t e s t  because o f  the  assump- 
Dur ing t h e  day, two channels a re  needed t o  
A t  n i g h t ,  a l l  o t h e r  terms i n  equat ion  (4.1.1) b u t  t h e  ground tem- 
Ts can then be so lved f o r  us ing  the  obser- 





For HIR 2 ,  channels 18 and 19 are used to  give two estimates of Ts, which 
are averaged together t o  give the final ground temperature. For AMTS, the 
same procedure is  used w i t h  channels 27 and 28. 
D u r i n g  the day, the effects  of reflected solar  radiation on the short  
H i ,  the solar f l u x  s t r iking the top of the atmosphere, 
wave window observations must be accounted for .  
(4.1.11, reflected solar  radiation contributes a term p i H j p ' i ( P S )  t o  the 
observed radiances. 
and ' t i l  (Ps), the atmospheric transmittance of incident and reflected solar  
radiation, can be calculated given the solar zenith angle and an estimate 
o f  atmospheric conditions. 
substi tuted direct ly  into equation (5.1.71, i n  place of R i ,  and TS solved 
for  immediately. The bi-directional reflectance p i ,  i s  unknown, however, 
and must be solved for  simultaneously w i t h  Ts. Instead of assuming p i  t o  
be known, we use the l e s s  res t r ic t ive  assumption t h a t  the reflectance i s  
equal for  a l l  channels. Then we can write 
As shown i n  equation 
If p i  were known, R i  - p i H i T ' i ( P S )  could be 
CRi - IBid~I/ri(PS) = Bi(Ts) + P H ~ ' I ~ ' ( P ~ ) / T ~ ( P ~ )  = A i' (5.1.8) 
The l e f t  hand side of equation (5.1.8) can be treated as an "observed 
quantity", A i ,  i n  an i terat ion.  
rewritten as 
For two channels, equation (5.1.8) can be 
Bi(Ts) - aB.(TS) = A - aA = A J i j 
where 
Equation (5.1.9) i s  solved f o r  i terat ively according t o  
exp(-hL/Tg M+ 1 ) A 
(5.1.9) 
(5.1 . l o >  
M M M 
exp( -h?TS) Bi(Ts> - aBj(Ts) 
where V is the average frequency of the two window channels,; = (q + v - ) / 2 .  
This procedure converges rapidly. 
and 26 and 27 are used for  AMTS to  determine TS d u r i n g  the day. 
Once TS is  obtained, p i s  then determined from equation (5.1.8) and 
P H i T ' i  ( P S I  i s  then subtracted from a l l  the observations i n  the 4.3 urn chan- 
nels t o  remove to  f i r s t  order the smaller effects  of reflected solar  
radiation on those channels. 
Channels 18 and 19 are used f o r  HIRS:! 
The shortwave window channels were used to  determine ground tem- 
perature rather than the longwave window channels 8 on HIRSZ and 11, 12 on 
AMTS, because the transmittances , and hence the brightness temperatures, o f  
the longwave window channels are more sensit ive to  the humidity prof i le  
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than those o f  t h e  shortwave window channels used. Nevertheless,  t h e  
t ransmi t tances  o f  t he  shortwave window channels do depend on the  humid i ty  
p r o f i l e  and s i g n i f i c a n t  e r r o r s  i n  r e t r i e v e d  ground temperature can occur,  
p a r t i c u l a r l y  d u r i n g  t h e  day, i f  a poor es t imate  o f  humid i ty  i s  used i n  
c a l c u l a t i o n  o f  t h e  t ransmi t tances .  For  t h i s  purpose, we use the 11 pm win-  
dow channel t o  determine whether the  c l i m a t o l o g i c a l  es t imate  o f  humid i ty  i s  
reasonable, and, i f  not ,  t o  p rov ide  an improved humid i ty  p r o f i l e .  
5.1.7 The humid i ty  c o r r e c t i o n  
The humid i ty  c o r r e c t i o n  i s  n o t  employed i n  the  ana lys i s  of TIROS-N 
data descr ibed i n  Susskind, e t  a1 . [12], because a f o r e c a s t  humid i ty  pro-  
f i l e  i s  a v a i l a b l e  f o r  use i n  ana lys i s  o f  r e a l  data,  w h i l e  c l ima to logy  i s  
used i n  the  t e s t .  
accurate enough f o r  use w i t h o u t  m o d i f i c a t i o n .  
The f o r e c a s t  humid i ty  p r o f i l e  i s  cons idered t o  be 
Radiances i n  the  11 p m  window channel depend p r i m a r i l y  on the  ground 
temperature and t h e  temperature humid i ty  p r o f i l e .  
pera ture ,  determined f rom the 3.7 p m  channels, and an es t imate  of the  
temperature-humidi ty p r o f i l e ,  one can determine whether the  humid i ty  p ro-  
f i l e  i s  reasonable by computing the expected br igh tness  temperature 
TB(Ts, q)  and comparing i t  w i t h  the  observa t ion  Tg. 
c lose  enough i n  t he  11 p m  window channel, i t  i s  assumed t h a t  the  humid i ty  
p r o f i l e  i s  accura te  enough so t h a t  s i g n i f i c a n t  e r r o r s  i n  TS did n o t  occur 
f rom ana lys i s  o f  t he  3.7 um radiances,  which a re  much l e s s  s e n s i t i v e  t o  the  
humid i ty  p r o f i l e  than th_e 11 pm window radiances. I f  the re  i s  a s i g n i f i -  
can t  d i f f e r e n c e  between TB and TB(Ts, q) ,  t he  s e n s i t i v i t y  o f  TB(Ts, q )  t o  
the assumed humid i ty  p r o f i l e  i s  determined by computat ion o f  TB(Ts, 4') 
where q ' ( P )  = q(P)  [ l  + r]. 
assumed the  guess humid i ty  was t o o  h i g h  and r i s  taken as -.5. 
r = .5. The m o d i f i e d  humid i ty  p r o f i l e  i s  taken as 
Given a ground tem- 
I f  the  agreement i s  
I f  TB was g rea te r  than TB(Ts, q ) ,  i t  i s  
Otherwise, 
I 1  
q (PI = q(P) ( 1  + S r ) ,  
where S, t he  s c a l i n g  f a c t o r  i s  determined accord ing t o  
(5 .1 . I 1  1 
I f  e i t h e r  the  numerator i s  l e s s  than .5", i n d i c a t i n g  t h a t  the  guess i s  good 
enough, o r  t he  denominator i s  l e s s  than .5"C, i n d i c a t i n g  t h a t  the  b r i g h t -  
ness temperature i s  n o t  s e n s i t i v e  t o  humid i ty ,  S i s  taken as zero and no 
humid i ty  c o r r e c t i o n  i s  performed. 
The mod i f i ed  h u m i d i t i e s  a re  used now t o  r e c a l c u l a t e  a l l  t ransmi t tances  
and rad1 ances , i n c l  u d i  ng those o f  t he  atmospheric soundi ng channel s . 
humi d i  ty c o r r e c t i o n  i s n o t  i t e r a  t e d  . 
5.1.8 The temperature r e l a x a t i o n  equat ion  
The 
The prev ious  s teps have prov ided the  i n f o r m a t i o n  necessary t o  r e t r i e v e  
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a temperature p r o f i l e  f rom the  observat ions i n  the  temperature sounding 
channels. 
2 )  determined a ground temperature,  updated humid i ty  p r o f i l e ,  and s o l a r  
r a d i a t i o n  c o r r e c t i o n  term which a r e  used t o  compute expected rad iances f o r  
the f i r s t  guess temperature p r o f i l e ;  and 3 )  mod i f i ed  t h e  observed rad iances 
t o  min imize systemat ic  d i f f e r e n c e s  between observed and computed rad iances.  
We now compare the  modi f ied_observed b r igh tness  temperatures f o r  t he  tem- 
pera ture  sounding cha n e l s  TB,i, w i th  the  computed b r igh tness  temperatures 
f rom the  Nth  guess, 
ti ve temperature p r o f i l e .  
f o r  the  AMTS and seven a re  used f o r  HIRS2 as shown i n  Table 5.1.1. 
We have now 1 )  ob ta ined an i n i t i a l  guess temperature p r o f i l e ;  
i, and modi fy  the  guess t o  produce an N+ l th  i t e r a -  
Twel ve temperature soundi ng channel s a r e  used 
The r e l a x a t i o n  equat ions used almost i d e n t i c a l  t o  those descr ibed i n  
Susskind e t  a l .  C121. Temperatures a t  pressures between 30 and 1000 mb 
a re  t r e a t e d  d i f f e r e n t l y  than temperatures a t  pressures lower  than 30 rnb. 
The bas i s  o f  the  r e l a x a t i o n  method l i e s  i n  the  approx imat ion t h a t  a smal l  
cons tan t  s h i f t  i n  t he  e n t i r e  temperature p r o f i l e  w i l l  produce an almost 
i d e n t i c a l  change i n  t h e  b r igh tness  temperature computed f o r  a sounding 
channel .  Moreover, i f  the  s h i f t  i s  a p p l i e d  on ly  i n  the  r e g i o n  o f  t he  
atmosphere where the  rad iance o f  t he  channel i s  most s e n s i t i v e  t o  
atmospheric temperature, a s i m i l a r  change i n  computed b r igh tness  
temperatures w i l l  occur.  
For  channels s e n s i t i v e  t o  temperatures a t  pressures g rea te r  t o  30 mb, 
Channels 
we ass ign  an atmospheric l a y e r ,  P i L  t o  P i u ,  rep resen t ing  the  lower  and 
upper pressure boundar ies f o r  sounding channel i, as shown i n  Table 5.1.2 
f o r  the  sounding channels o f  AMTS and HIRS used i n  the  ana lys i s .  
p r i m a r i l y  s e n s i t i v e  t o  temperature changes above 30 mb a re  t r e a t e d  as 
rep resen ta t i ve  o f  temperature changes a t  a s p e c i f i c  pressure r a t h e r  than i n  
a l a y e r .  Th is  pressure,  P i ,  i s  i n d i c a t e d  i n  Table 5.1.2 f o r  the  




p r o f  i 1 e 
N+l 
and Ti 
pressures g rea te r  than 30 mb, we w r i t e  the r e l a x a t i o n  equat ion  
(5.1 . 13 )  
i s  t he  average temperature o f  the  Nth i t e r a t i v e  guess temperature 
n the  atmospheric l a y e r  corresponding t o  channe i 
( 5 . 1 . 1 4 )  
1L 
i s  t he  new es t imate  o f  the  l a y e r  mean temperature i n  the  
appropr ia te  atmospheric l a y e r .  
temperature p r o f i l e  a t  pressure Pk from est imates o f  l a y e r  mean tem- 
peratures,  we c o n s t r a i n  the  s o l u t i o n  t o  be g iven by 
I n  o rde r  t o  determine a N + l t h  i t e r a t i v e  
(5 .1 .15)  
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Table 5.1.2 Assigned pressures f o r  channels used i n  t h e  temperature 
re1 axa ti on scheme 
AMTS HIRS 
CHANNEL P PL-Pu CHANNEL P PL-pu 
9 3 - 1 10 - 
- 30-50 3 - 90-200 
10 
8 
7 - 30-80 4 - 200-380 
6 - 50-150 15 - 380-625 
5 - 100-220 14 - 625-875 
4 - 200-400 13 - 875-1000 
15 - 2 - 30-90 
20 - 300-500 
21 - 400-600 
22 - 600-775 
23 - 775-1000 
24 - 925-1000 
where To(Pk) i s  t he  i n i t i a l  guess, F j ( P k )  a re  e m p i r i c a l  or thogonal  func- 
t i o n s  o f  temperature, g iven  by t h e  eigenvectors,  w i t h  l a r g e s t  eigenvalues, 
o f  t he  covar iance m a t r i x  o f  a s e t  o f  g loba l  radiosonde p r o f i l e s ,  sampled a t  
t he  52 pressure l e v e l s  between 1000 and 30 mb, which a r e  a s u b s e t  o f  the  64 
pressure l e v e l s  used i n  the  c a l c u l a t i o n ,  and AN+l are the  i t e r a t i v e  coef-  
f i c i e n t s  which, t oge the r  w i t h  t h e  i n i t i a l  guess, completely determine t h e  
sol u t i o n .  
Equations (5.1.13) and (5.1.15) d i f f e r  f rom those used i n  Susskind e t  
- a l .  [121 i n  t h a t  1) observa t ions  i n  s i n g l e  channels a re  used t o  modify t& 
est imated 1 ayer  mean temperatures, r a t h e r  than weighted sums o f  obser- 
va t i ons  i n  d i f f e r e n t  channels, and 2) t he  s o l u t i o n  i s  expanded about the  
f i r s t  guess r a t h e r  than t h e  g loba l  mean. Both changes in t roduced  i n  t h e  
a n a l y s i s  o f  the  s imu la ted  da ta  were done t o  decrease the  smoothing and 
increase t h e  v e r t i c a l  r e s o l u t i o n  o f  t h e  s o l u t i o n .  These changes and the  
reasons f o r  them were discussed i n  Sec t i on  5.1.1. 
The c o e f f i c i e n t s ,  AN+1, a r e  so lved f o r  accord ing  
(5 .1 .16 )  
where represents  t h e  m a t r i x  o f  l a y e r  averaged e m p i r i c a l  or thogonal  func-  
t i o n s  
- 
F '  i s  t he  transpose o f f ,  H i s  a diagonal  m a t r i x  w i t h  H j j  be ing  the  i nve rse  
o f  the  f r a c t i o n  o f  t he  t o t a l  var iance a r i s i n g  f rom e igenvec to r  j, and 0 i s  
a cons tan t .  
t i o n ,  as i n  Susskind e t  a l .  [VI. 
The term H i s  added t o  T'F i n  o r d e r  t o  s t a b i l i z e  the  so lu -  
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For AMTS, mean temperatures i n  10 l aye rs ,  shown i n  Table 5.1.2, a r e  
For  HIRS2, 6 mean l a y e r  temperatures a r e  used t o  es t imate  
used t o  es t imate  c o e f f i c i e n t s  o f  9 emp i r i ca l  or thogonal  f u n c t i o n s ,  w i t h  
u = 1 x 10-3. 
c o e f f i c i e n t s  o f  5 e m p i r i c a l  or thogonal  f u n c t i o n s  w i t h  0 = 5 x 
A t  pressures above 30 mb, t h e  procedure i s  mod i f i ed  because the  
emp i r i ca l  or thogonal  f u n c t i o n s  do n o t  extend above t h a t  l e v e l  and a l s o  
because we d i d  n o t  want poss ib le  l a r g e  e r r o r s  i n  the  i n i t i a l  guess above 30 
mb, caused by s p a r s i t y  of radiosonde data above t h a t  l e v e l ,  t o  f i l t e r  down 
through the  atmosphere through equat ions (5.1.15) and (5.1.16).  Above 30 
mb we used the  equat ion  
(5.1 ,181 
A t  i n te rmed ia te  pressures above 30 mb, TN+l(P)  - TN(P) was l i n e a r l y  i n t e r -  
po la ted  i n  t h e  l o g  o f  t he  pressure.  
c o r r e c t e d  by the  h i g h e s t  sounding channel, TN+l(P) - TN(P) was taken t o  be 
the same as t h a t  o f  t h e  h i g h e s t  sounding channel. 
Given t h e  N + l t h  es t imate  o f  temperature p r o f i l e ,  we now recompute the  
b r igh tness  temperatures f o r  the  temperature sounding channels and compare 
w i t h  the  observed b r igh tness  temperatures. 
ference o f  observed b r igh tness  temperatures and those computed f rom the  
N+ l th  i t e r a t i o n  i s  n o t  l e s s  than .95 o f  t he  r o o t  mean square d i f f e r e n c e  
com u ted  f rom the  N t h  i t e r a t i o n ,  we te rmina te  the  procedure and c a l l  
the  i t e r a t i v e  process. 
square d i f f e r e n c e  o f  observed and computed b r igh tness  temperatures i s  l e s s  
than .5”,  the  r e t r i e v a l  i s  accepted. Otherwise i t  i s  r e j e c t e d .  I n  the  
c l e a r  p o r t i o n  of  t h e  t e s t ,  no r e t r i e v a l s  were re jec ted ,  e i t h e r  i n  ana lys i s  
o f  the  dependent o r  independent se ts .  
A t  pressures lower  than t h a t  
I f  the  r o o t  mean square d i f -  
TN+ P (P) the  s o l u t i o n .  I f  not ,  we r e t r i e v e  a ground temperature and cont inue 
I f  the  procedure i s  te rmina ted  and the  r o o t  mean 
5.1.9 The Cloudy Tes t  
The c loudy p o r t i o n  o f  t he  t e s t  i s  a more r e a l i s t i c  s i m u l a t i o n  than the  
c l e a r  p o r t i o n  because i t  takes i n t o  account n o t  on ly  m u l t i p l e  l a y e r  c louds 
b u t  a l s o  th ree  dimensional  temperature f i e l d s  and the d e t a i l e d  scan p a t t e r n  
o f  the  ins t rument .  Th is  in t roduces  two major new elements i n t o  a n a l y s i s  of 
the data; t h e  s e l e c t i o n  o f  t he  proper  area i n  which t o  per form a r e t r i e v a l  
f o r  a g iven scene, and the  e s t i m a t i o n  o f  t he  c l e a r  column radiances which 
would have been observed i f  the  se lec ted  area were c loud  f r e e .  The tech-  
niques used by GLA t o  per form these two elements a re  b a s i c a l l y  t h e  same, 
b u t  somewhat more s o p h i s t i c a t e d  than those used i n  ana lys i s  o f  HIRS2/MSU 
data f rom TIROS-N [12]. 
g iven i t e r a t i o n ,  t he  s teps used t o  produce the  es t imated  temperature pro-  
f i l e  i n  t h a t  i t e r a t i o n  a re  e s s e n t i a l l y  i d e n t i c a l  t o  those used i n  the  c l e a r  
p a r t  o f  t he  t e s t .  
Given est imates of c l e a r  column radiances i n  a 
5.1.10 Steps i n  the  Processing System 
The process ing system i s  comprised o f  t he  f o l l o w i n g  steps: 
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1. 
w i l l  be attempted. 
p r i o r i t y  sub-area. I f  t h e  r e t r i e v a l  f a i l s ,  then the  r e t r i e v a l  i s  
at tempted i n  the  n e x t  sub-area. 
areas, then no r e t r i e v a l  i s  produced f o r  the  scene. 
S e l e c t  and p r i o r i t i z e  sub-areas i n  the  scene i n  which r e t r i e v a l s  
The f o l l o w i n g  steps a r e  at tempted i n  t h e  h i g h e s t  
I f  the  r e t r i e v a l  f a i l s  i n  f i v e  sub- 
2. S t a r t i n  w i t h  a c l i m a t o l o g y  guess, es t ima te  c l e a r  column 
radiances, { i o .  
3. 
(Eq.  5.1.7). 
4. 
Usi  ng c l  ea r  c o l  umn radiances, determi ne ground temperature, Tso 
Re-es t ima te  c l e a r  c o l  umn radiances us ing  TsO. 
5. 
t o  n a d i r  as i n  Eq. (5.1.1) f o r  t he  purpose o f  genera t ing  the  regres- 
s i o n  guess. 
6. 
Using es t imated  c l e a r  column radiances, angle c o r r e c t  observa t ions  
Generate reg ress ion  To(P), as i n  Eq. (5.1.3). 
7. 
TB as i n  Eq. (5.1.6). The i t e r a t i v e  procedure now begins.  
8. 
c l e a r  column radiances, R i N + 1  and, e q u i v a l e n t l y ,  c l e a r  column b r i g h t -  
ness temperature, i B  ,N+1. 
9.  R e t r i e v e  t h e  N + l t h  ground temperature based on N + l t h  es t imate  
c l  e a r  c o l  umn radiances . 
10. A d j u s t  atmospheric temperature p r o f i l e  t o  g i y e  TN+l(P) as i n  
Eqs.  (5.1.13) t o  (5.1.181, b u t  r e p l a c i n g  TB, i  by TB,i. 
11. Compare computed radiances from i t e r a t i  ve so l  u t i o n ,  R i N + 1 ,  w i t h  
es t imated  c l e a r  column radiances RiN'1. 
found, t e rm ina te  i t e r a t i v e  procedure. Otherwise r e t u r n  t o  s tep  8 t o  
s t a r t  N+2nd i t e r a t i o n  w i t h  new es t ima te  o f  c l e a r  column radiances. 
Using es t imated  c l e a r  column radiances, tune observat ions t o  g i v e  
Using TN(P), Ts, and+the tuned radiances, es t imate  N+lth i t e r a t i v e  
I f  s u f f i c i e n t  agreement i s  
The i t e r a t i v e  procedure i s  i d e n t i c a l  t o  t h a t  usgd i n  the  c l e a r  t e s t ,  
w i t h  t h e  excep t ion  t h a t  t he  c l e a r  column radiances, RiN'1, a re  re -es t imated  
every i t e r a t i o n .  I n  a d d i t i o n ,  t h e  c l i m a t o l o g i c a l  humid i ty  p r o f i l e  was 
used, w i t h o u t  change, t o  compute a l l  t ransmi t tances  i n  the  c loudy t e s t .  
The humid i t y  s c a l i n g  step, as i n  Eq. (5.1.12), was omi t ted  i n  the  c loudy 
t e s t  because t h e  major e f f e c t  o f  water  vapor e r r o r s  on r e t r i e v a l  e r r o r s  
occurs when handing the  e f f e c t  o f  r e f l e c t e d  s o l a r  r a d i a t i o n  i n  the  de te r -  
m ina t i on  o f  ground temperature d u r i n g  the  day. The cloudy t e s t  was a l l  
n i g h t - t i m e  m i d l a t i t u d e  cases. Therefore, r e f l e c t e d  s o l a r  r a d i a t i o n  was n o t  
a f a c t o r  i n  t h e  t e s t .  I n  a d d i t i o n ,  t he  atmospheres were a l l  reasonably d r y  
and the  assumption o f  c l i m a t o l o g i c a l  humid i t y  p r o f i l e s  was expected t o  be 
reasonable enough. The d e t a i l s  o f  t he  new steps a re  g iven i n  the f o l l o w i n g  
two sec t i ons  . 
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5.1.11 S e l e c t i o n  and P r i o r i t i z a t i o n  o f  Sub-Areas 
The scan p a t t e r n  of t he  observa t ions  i s  shown i n  F i g u r e  5.7. An AMTS 
scene i s  g i ven  as a 20 x 20 a r r a y  of cont iguous spots, 10 x 10 km a t  n a d i r .  
The HIRS scene i s  g i ven  as a 10 x 5 a r r a y  o f  spots, 20 x 20 km a t  n a d i r .  A 
m u l t i p l e  f i e l d  o f  view approach i s  used t o  es t ima te  c l e a r  column radiances 
i n  a g i v e n  area. Two f i e l d s  o f  view a r e  needed t o  c o r r e c t  f o r  one assumed 
c l o u d  formation, t h r e e  f i e l d s  o f  view a r e  needed t o  c o r r e c t  f o r  two c l o u d  
fo rmat ions ,  e t c .  I n  a n a l y s i s  o f  HIRS2/MSU TIROS-N data [12], two f i e l d s  of 
view were used t o  account f o r  one l a y e r .  
view were used t o  account f o r  two c loud  format ions. The f i e l d s  o f  view a re  
s e l e c t e d  so as t o  maximize the  c o n t r a s t  between them. To achieve maximum 
c o n t r a s t ,  t h e  spots i n  a sub-area a r e  grouped accord ing  t o  i n c r e a s i n g  
b r igh tness  temperature i n  an 11 m window channel , w i t h  each group be ing  
taken as a f i e l d  o f  view. 
I n  t h i s  t e s t ,  t h r e e  f i e l d s  o f  
S l i g h t l y  d i f f e r e n t  procedures were used f o r  each ins t rument .  I n  the  
case o f  HIHSZ, each sub-area was comprised o f  3 x 3 groups o f  spots, 
cor respond ing  t o  rough ly  60 km x 100 km a t  n a d i r .  Twenty-four sub-areas, 
corresponding t o  a l l  3 x 8 p o s s i b l e  groups o f  3 x 3 spots, were considered. 
I n  each sub-area, t h e  spots were ordered accord ing  t o  the  b r i g h t n e s s  tem- 
pe ra tu re  f o r  channel 8, the  11 v m  window, F i e l d  o f  view 1 was taken as the  
th ree  warmest spots,  f i e l d  o f  view 3 as the t h r e e  c o l d e s t  spots.  The 
rad iance f o r  each channel i n  each f i e l d  o f  view was taken as t h a t  o f  t h e  
spot  c o n t a i n i n g  the  warmest 11 pm window observa t ion  i n  t h a t  f i e l d  o f  view. 
The x ,  y coo rd ina te  o f  t h e  sub-area was taken as t h a t  o f  t he  spo t  used i n  
f i e l d  o f  view 1. The MSU channel observa t ions  f o r  t he  sub-area were taken 
as those o f  the  spo t  used i n  f i e l d  o f  view 1. 
Each sub-area i s  g iven  a p r i o r i t y  number based on t h r e e  parameters 
which shou ld  be r e f l e c t i o n s  o f  c loudiness; (1) the  11 window b r i g h t n e s s  
temperature i n  the  warm f i e l d  o f  view, ( 2 )  the d i f f e r e n c e  between the  
3.7 pm and 11 v m  window channel b r i gh tness  temperatures i n  the  warm f i e l d  
o f  view, and ( 3 )  the  standard d e v i a t i o n  o f  t he  11 urn window b r igh tness  tem- 
pera tures  i n  the  warm f i e l d  o f  view. The o b j e c t i v e  i s  t o  p r i o r i t i z e  the  
spots accord i  ng t o  decreasi  ng c loud iness .  
genera l l y  o b t a i n s  a warm 11 vm window observa t ion ,  a small  d i f f e r e n c e  
between 11 P m and 3.7 um window observa t ions ,  and a small  standard 
d e v i a t i o n  o f  11 1-1 in window channel observa t ions .  
ness, t h e  11 urn window observa t i on  g e n e r a l l y  decreases, t h e  d i f f e r e n c e  b e t -  
ween t h e  3.7 um and 11 pin observa t ions  inc reases  u n t i l  a lmost f u l l  overcas t  
and then begins t o  g e t  small  again, and t h e  standard d e v i a t i o n  i n  the  11um 
window increases, then, l i k e  the  d i f f e r e n c e  i n  the  window channel obser- 
va t i ons ,  decreases as f u l l  overcas t  i s  approached. For  each sub-area, we 
d e f i n e  t h e  f o l l o w i n g  q u a n t i t i e s :  A0 i s  t he  d i f f e r e n c e  between the  11 m 
window b r i g h t n e s s  temperature i n  f i e l d  o f  view 1 and t h a t  o f  t h e  s i n g l e  
warmest f i e l d  o f  view i n  the  scene; A 1  i s  t he  d i f f e r e n c e  between the  d i f -  
ference o f  t h e  3.7 v m  window b r igh tness  temperature and t h e  11 pm window 
b r igh tness  temperature i n  t h a t  sub-area, and t h a t  o f  t h e  spo t  c o n t a i n i n g  
the  c l o s e s t  3.7 urn observa t ion  compared t o  the  11 pm observat ion;  A2 i s  t he  
s tandard  d e v i a t i o n  o f  the  11 um window b r i g h t n e s s  temperatures; and A 3  i s  
the  sum o f  t he  squares of t he  prev ious  th ree  q u a n t i t i e s .  The p r i o r i t y  i s  
Under c l e a r  c o n d i t i o n s  , one 
With i n c r e a s i n g  c l o u d i -  
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assigned accord ing  t o  decreasing values o f  As ,  w i t h  the  sub-area hav ing  the  
l owes t  va lue  o f  A3 g i ven  t h e  h i g h e s t  p r i o r i t y  f o r  a sounding l o c a t i o n .  
general ,  low values o f  Ao, which a r e  used t o  p r i o r i t i z e  sub-areas i n  ana ly -  
s i s  o f  T IROS-N HIRS2 data  [12] a l s o  corresponds t o  low va lues  o f  a l l  t h e  
o t h e r  q u a n t i t i e s ,  t h a t  i s ,  t o  small  d i f f e r e n c e s  i n  11 pm and 3.7 um b r i g h t -  
ness temperatures and small  standard d e v i a t i o n s  i n  t h e  11 um observa t ions .  
Nevertheless,  a low A0 (warm 11 pm window channel measurement) may be 
r e f l e c t i v e  o f  thermal g rad ien ts  and n o t  necessa r i l y  t h e  c l e a r e s t  area, and 
the  combined use of t h r e e  i n d i c a t o r s  o f  an area which should be r e l a t i v e l y  
c l e a r  was found t o  be  more d e s i r a b l e .  I n  t h e  a n a l y s i s  o f  t he  40 t e s t  
cases, t he  r e t r i e v a l  at tempted i n  the  f i r s t  p r i o r i t y  area was always 
success fu l .  
I n  
The AMTS data  was t r e a t e d  i n  a s l i g h t l y  d i f f e r e n t  manner than the  HIRS2 
For  AMTS, data,  p r i m a r i l y  because o f  t he  h i g h e r  s p a t i a l  r e s o l u t i o n  o f  AMTS. 
each sub-area was made t o  c o n s i s t  o f  6 x 6 cont iguous spots corresponding 
t o  60 x 60 km a t  n a d i r .  Th i s  sub-area was broken i n t o  4 f i e l d s  o f  view 
each c o n t a i n i n g  9 spots,  ordered and separated accord ing  t o  t h e  radiances 
i n  the  11 p m  window channel 12. Because AMTS spots a r e  10 x 10 km, and 
es t imates  based on a 20 x 20 km s p o t  were used t o  generate the  no ise  l e v e l s  
used i n  the  c l e a r  p a r t  o f  t h e  t e s t ,  i t  was necessary t o  average a t  l e a s t  4 
AMTS spots  t o  achieve the  same no ise  l e v e l s ,  I n  a n a l y s i s  o f  t h e  data,  we 
averaged the  radiances f o r  a l l  9 spots t o  g i v e  the  radiances i n  each f i e l d  
o f  view f o r  each channel. The corresponding MSU channel observa t ions  f o r  
t he  sub-area was t h e  average o f  t he  observa t ions  i n  f i e l d  o f  view 1. The 
z e n i t h  ang le  f o r  each f i e l d  o f  view was assigned as the  angle whose cos ine  
was the  average o f  the  cos ines  o f  a l l  t he  spo t  z e n i t h  angles i n  the  f i e l d  
o f  view. T h i s  procedure i s  i d e n t i c a l  t o  t h a t  done i n  a n a l y s i s  o f  H I R S Z  
TIROS-N data  C U I .  The x ,  y coord ina tes  f o r  each f i e l d  o f  view a r e  taken 
as t h e  average o f  the  x ,  y coord ina tes  f o r  a l l  the  spots i n  the  f i e l d  of 
view. Every o t h e r  cont iguous  b l o c k  o f  6 x 6 spots was taken as a p o s s i b l e  
sub-area, r e s u l t i n g  i n  64 p o s s i b l e  sub-areas f o r  each scene. 
were assigned p r i o r i t i e s  i n  an i d e n t i c a l  f ash ion  t o  those o f  H I R S Z ,  u s i n g  
the  averaged radiances t o  compute the  b r igh tness  temperatures f o r  the  win- 
dow channels. Channel 28, t h e  most t ransparen t  3.7 um window channel, was 
used toge the r  w i t h  channel 12 i n  computing A i .  The a n a l y s i s  o f  t h e  40 t e s t  
cases, t he  h i g h e s t  p r i o r i t y  sub-area produced a successful  r e t r i e v a l  i n  a l l  
b u t  one scene, i n  which case the  second p r i o r i t y  sub-area was used. I n  
some cases, t he  sub-area s e l e c t e d  f o r  AMTS by t h i s  o b j e c t i v e  approach was 
i n  a t o t a l l y  d i f f e r e n t  p a r t  o f  t he  scene than t h a t  se lec ted  f o r  HIRS2. 
The sub-areas 
5.1.12 Es t ima t ion  o f  C l e a r  Column Radiances 
The e s t i m a t i o n  o r  " r e c o n s t r u c t i o n "  o f  c l e a r  column radiances from a 
The approach we used i n  t h e  t e s t  i s  a s l i g h t l y  genera l i zed  
s e t  o f  p o t e n t i a l l y  c l o u d  contaminated radiances i s  t he  s i n g l e  most impor- 
t a n t  s tep  i n  the  r e t r i e v a l  of temperature p r o f i l e s  u s i n g  i n f r a - r e d  obser- 
v a t i o n s .  
ve rs ion  o f  t h e  approach used i n  Susskind e t  a1 ., (1984). As shown by 
Chahine (19791, if,one assumes M m u l t i p l e c l ~ d  format ions, t he  c l e a r  
column radiances, R i ,  can be recons t ruc ted  by observa t ions  i n  M+l f i e l d s  o f  
view accord ing  t o  
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(5.1.191 
where R i , j  i s  the  observed ( tuned)  rad iance f o r  channel i i n  f i e l d  o f  view 
j. I n  a n a l y s i s  o f  TIROS-N data,  a two f i e l d  o f  view approach was used t o  
determine one value o f  and t o  c o r r e c t  f o r  one assumed c loud  fo rmat ion .  
I n  the  t e s t ,  t h ree  f i e l d s  o f  view were used i n  ana lys i s  o f  bo th  HIRS2 and 
AMTS data t o  c o r r e c t  f o r  two assumed c loud  format ions.  I n  the  case o f  
AMTS, rad iances i n  the  f i r s t ,  second, and f o u r t h  f i e l d s  o f  view were used 
i n  a n a l y s i s  o f  t he  data.  The data i n  the  t h i r d  f i e l d  o f  view was n o t  used 
F i r s t ,  we b r i e f l y  review the  procedure used t o  c o r r e c t  f o r  c louds 
us ing  one f i e l d  o f  view. 
mat ion,  we can es t imate  q accord ing t o  
From Eq. (5.1.19), assuming on ly  one c loud  f o r -  
(5.1 . 2 0 )  
where qiN'1 i s  t he  va lue o f  n est imated from channel i u s i n  the  va lue o f  
Ri,CLR computed f o r  channel i from Eq. (4.1.1) us ing  the  N t 4  guess tem- 
pe ra tu re  p r o f i l e  and ground temperature. The i t e r a t i o n  numbers N and N + l  
a re  shown t o  be c o n s i s t e n t  w i t h  s e c t i o n  5.1.10. 
c i t y ,  we w i l l  keep the  supersc r ip t s  t h e  same f o r  T) and R ( o r  TB). 
E r r 0  s i n  the  Nth guess temperature p r o f i l e  w i l l  r e s u l t  i n  d i f f e r e n c e s  
Henceforth,  f o r  s i m p l i -  
between R,,CLR iF and the  t r u e  c l e a r  column radiance Ri,cLR. The e f f e c t s  o f  
guess e r r o r s  o f  a b i a s  na ture  can be removed, t o  f i r s t  order ,  by s i m u l t a -  
neous use o f  a microwave channel sounding a s i m i l a r  p o r t i o n  o f  t he  
atmosphere t o  t h a t  sounded by the  i n f r a - r e d  channel used t o  es t imate  ,,, 
because a l o c a l  b i a s  e r r o r  w i l l  cause roughly  equ iva len t  e r r o r s  i n  the  com- 
puted b r igh tness  temperature, TB, f o r  the  two channels. We t h e r e f o r e  e s t i -  
mate n accord ing  t o  
(5.1 .21 ) N + T  B,M - T B,M 1 - Ri,,}/(Ri,2 - Ri,l 
N 
rl i  = {Bi[TB,i 
N where TB,M - TB,M represents  the  d i f f e r e n c e  between observed and computed 
b r igh tness  temperatures f o r  the  microwave channels used i n  con junc t i on  w i t h  
i n f r a - r e d  channel i and T B ~  i i s  t h e  b r i  ghtness temperature corresponding 
t o  RiycLR. ill be r e f e r r e d  t o  as t h e  microwave 
c o r r e c t e d  b r igh tness  temperature TB',i! It i s  d e s i r a b l e  t o  maximize the  
numerator and denominator i n  Eq. (5.1.21) t o  inc rease s t a b i l i t y  o f  the  so lu -  
t i o n .  Therefore,  i n  a n a l y s i s  o f  TIROS-N data,  Eq. (5.1.21) i s  used w i t h  
H I R S Z  channel 13, the  lowest  sounding 4.3 v m channel, i n  con junc t i on  w i t h  
MSU channel 2, t h e  t ropospher ic  sounding channel . 
channel 7, t he  lowest  sounding 1 5 p m  channel, cou ld  have been used i n  con- 
j u n c t i o n  w i t h  MSU channel 2. 
The q u a n t i t y  i n  b rackets  
A1 t e r n a t i  ve l y  , HIRS2 
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A t  l e a s t  two i n f r a - r e d  channels must be used when a t tempt ing  t o  
c o r r e c t  f o r  two c l o u d  l a y e r s ,  as done i n  a n a l y s i s  o f  the t e s t  data.  
HIRS2, channels 6 and 7, the  two lowes t  sounding 15 pm channels, were used 
i n  c o n j u n c t i o n  w i t h  microwave channel 2, w h i l e  f o r  AMTS, channels 1 and 2, 
aga in  t h e  l owes t  sounding 15 pm channels, were used i n  c o n j u n c t i o n  w i t h  
microwave channel 2. The c l e a r  column radiances f o r  a l l  channels were 
recons t ruc ted  accord ing  t o  
For  
(5 .1 .22)  
where f i e l d  o f  view c i s  t he  f i e l d  o f  view w i t h  the l owes t  11 pm br igh tness  
temperatures, presumably t h e  c l o u d i e s t  f i e l d  o f  view. I n  the  case o f  
H IRS2 ,  t h i s  represents  f i e l d  o f  view 3 w h i l e  f o r  AMTS, i t  represents  f i e l d  
o f  yiew 4. Once n1 and 02 are  determined i n  a g iven i t e r a t i o n ,  t he  values 
o f  R i  ob ta ined from Eq. (5.1.22) are  used i n  the  subsequent s t e p  i n  the ana- 
l y s i s  f o r  t h a t  i t e r a t i o n  j u s t  as t h e  tuned observed radiances, R i ,  were 
used i n  the  c l e a r  p a r t  o f  t he  t e s t .  
The approach t o  determine 01 and q i nvo l ves  f i r s t  t e s t i n g  t o  see i f  
the  sub-area i s  thought  t o  be c l e a r ,  i n  which case r11 and 02 are  s e t  equal 
t o  zero.  
one c l o u d  fo rmat ion ,  t h a t  i s ,  TQ = 0. 
determined f rom Eq.  (5.1.22) u s i n g  the  p r e v i o u s l y  ob ta ined value o f  n 1 .  
r12 i s  u s u a l l y  a t  l e a s t  one t o  two orders  o f  magnitude sma l le r  than n1. 
I f  not ,  a va lue  o f  "1 i s  es t ima ted  from Eq. (5.1.22) assuming o n l y  
Once '11 i s  so l ved  f o r ,  n2 i s  then 
The sub-area i s  assumed t o  be c l e a r  i f  the  f o l l o w i n g  c o n d i t i o n s  hold:  
(1) t he  standard d e v i a t i o n  o f  t he  11 urn window observa t ions  i n  f i e l d  o f  
view 1 i s  l e s s  than  .2"C; ( 2 )  the  11 um br igh tness  temperature i s  w i t h i n  
.5"C o f  the  warmest va lue  i n  t h e  scene; and ( 3 )  the microwave c o r r e c t e d  
es t ima te  o f  the  b r i g h t n e s s  temperature f o r  t he  l owes t  sounding 15 pm chan- 
n e l  computed from the  N t h  guess agrees w i t h  the  observed b r igh tness  tem- 
p e r a t u r e  f o r  t h a t  channel t o  1°C. 
two es t imates  o f  ,,I are  obtained, us ing  the  two 15 
ne ls  accord ing  t o  
I f  these c o n d i t i o n s  a r e  n o t  s a t i s f i e d ,  
c l o u d  f i l t e r i n g  chan- 
(5 .1 .23)  
and n1N i s  g iven  by t h e  average o f  the  es t imates  from channel i and j, 
weighted by the  square o f  t he  denominator i n  Eq. (5.1.231, rep resen t ing  the 
r e l a t i v e  e f f e c t  o f  c louds on each channel. 
taken as 
The weighted value o f  n1 i s  
where 6 i s  a smal l  damping parameter, taken as .25"C, which i s  c lose  t o  the 
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N 
u n c e r t a i n t y  i n  c a l c u l a t i n g  the  denominator. 
i n  Eq. (5.1.24) i s  l e s s  than zero, i t  i s  s e t  equal t o  zero.  
q2N i s  so lved f o r  i n  a complete ly  analogous manner, us ing  f i e l d s  of view 1 
and 2 w i t h  the  term account ing  f o r  t he  inhomogenity due t o  c l o u d  fo rmat ion  
1 sub t rac ted  from the es t imated  c l e a r  column radiances f o r  each channel: 
I f  the  es t imate  o f  '11 obta ined 
N If n 1  i s  found t o  be zero, '18 i s  a l s o  s e t  equal t o  zero.  Otherwise, 
(5.1 2 6 )  
n2, i  i s  s e t  equal t o  zero  i n  Eq. (5.1.25) i f  e i t h e r  the  c o r r e c t i o n  t o  the  
c l e a r  column rad iance f o r  t he  lowest  15 wn sounding channel f rom n2, as 
ob ta ined f rom Eq. (5.1.221, i s  l e s s  than 3% o r  more than 30% o f  t h a t  f rom 
n 1 .  
case, a p o t e n t i a l  problem i s  thought  t o  e x i s t .  n 2  was found t o  be zero i n  
a l l  40 cases f o r  bo th  HIRS2 and AMTS i n  the  f i n a l  est imate,  b u t  n o t  
necessa r i l y  i n  t h e  i n te rmed ia te  est imates i n  the  i t e r a t i v e  system. n 1  was 
found t o  be zero i n  23 cases f o r  AMTS and i n  19 cases f o r  HIRS2. These 
cases were t r e a t e d  as c l e a r  i n  the  f i n a l  i t e r a t i o n ,  though they were n o t  
n e c e s s a r i l y c l e a r i n  a c t u a l i t y  . 
I n  the  f i r s t  case, '12 i s  thought  t o  be i n s i g n i f i c a n t ,  and i n  the  second 
It i s  undes i rab le  t o  per form a r e t r i e v a l  under very c loudy c o n d i t i o n s  
when l a r g e  e x t r a p o l a t i o n s  from observed radiances a re  necessary t o  g i ve  the  
c l e a r  column radiances.  Therefore,  the  sub-area i s  c a l l e d  too  c loudy t o  
per form a r e t r i e v a l  if '112 + n22 >16 o r  i f  the  d i f f e r e n c e  i n  the  observed 
b r igh tness  temperatures f o r  t he  lowest  sounding 15 um channel i n  the  f i r s t  
and l a s t  f i e l d s  o f  view i s  l e s s  than l 0 C  and the  d i f f e r e n c e  between the  
microwave c o r r e c t e d  b r igh tness  temperature and the  observed b r igh tness  
temperature i n  f i e l d  o f  view 1 i s  more than 2.5"C.  Re jec t i on  accord ing t o  
these c r i t e r i a  never occurred i n  the  h ighes t  p r i o r i t y  spots b u t  d i d  occur 
i n  some o f  t h e  c l o u d i e r  areas. 
5.1.13 F u r t h e r  M o d i f i c a t i o n s  t o  the  Processing System 
The major  e f f e c t  of c louds i n  the  f i e l d s  of  view i s  t o  i n t roduce  a 
l a r g e r  degree o f  u n c e r t a i n t y ,  o r  noise,  i n  the  c l e a r  column radiances than 
was represented by t h e  ins t rumenta l  no ise  l e v e l s  used i n  the c l e a r  t e s t ,  
even a f t e r  the  c l o u d  e f f e c t s  have been accounted f o r  t o  f i r s t  o rder .  I n  
a d d i t i o n ,  because of t he  c louds,  steps had t o  be added t o  the  procedures 
used i n  ana lys i s  of t he  data i n  the  c l e a r  t e s t  because c o n s t r u c t i o n  o f  the 
reg ress ion  guess and t u n i n g  of  the  rad iances r e q u j r e  an es t imate  o f  c l e a r  
column radiances.  These c l e a r  column radiances, R i ,  can be es t imated 
us ing  Eqs. (5.1.22) t o  (5.1.26) b u t  on l y  a f t e r  an i n i t i a l  guess o f  the  
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atmospheric temperature, and humid i ty  p r o f i l e s  and the  ground temperature 
a re  prov ided.  To s t a r t  the process, we used a z o n a l l y  averaged c l ima to logy  
fi r s  t guess f o r  the  temperature-humi d i  ty p r o f i  1 e. The ground temperature 
t o  be used i n  Eq. (4.1.1) t o  compute channel radiances was s e t  equal t o  the  
guess sur face  a i r  temperature.  
The microwave c o r r e c t i o n  used t o  c o r r e c t  f o r  i n i t i a l  guess e r r o r s  i n  
c l e a r  column radiances removes the  e f f e c t s  o f  b i a s  e r r o r s  i n  the  mid- lower 
t roposphere b u t  leaves res idua l  e r r o r s  i n  r~ due t o  e r r o r s  i n  the  s t r u c t u r e  
o f  t he  guess and a l so ,  t o  even a l a r g e r  ex ten t ,  e r r o r s  i n  the  guess ground 
temperature.  The est imates o f  bo th  the  atmospheric temperature p r o f i l e  and 
the  ground temperature a r e  expected t o  improve throughout  the  course o f  the 
i t e r a t i o n .  Therefore,  the  r e c o n s t r u c t i o n  o f  c l e a r  column radiances becomes 
p a r t  of  the  i t e r a t i v e  procedure. 
- 0  reg ress ion  guess begins,  we use the es t imated  c l e a r  column radiances, R i  , 
t o  compute an improved ground temper t u r e  Ts', ys ing  Eq. (5 .1 .7 ) .  Using 
the  es t imated  ground temperature, R i a ,  nib, and R i 0  a re  re-est imated.  A t  
t h i s  p o i n t ,  we a re  ready t o  prepare t o  beg in  the i t e r a t i v e  cyc le ,  w i t h  the  
genera t ion  o f  the  reg ress ion  guess and the  tuned observed radiances, as i n  
Eqs. (5.1.1) t o  (5.1.4) and Eq, 65.1.6), us ing  the  Oth es t imate  c l e a r  
column b r igh tness  temperature TB , i i n  the equat ions.  The regress ion  guess 
w i l l ,  i n  genera l ,  be l e s s  accura te  than t h a t  o f  the  c l e a r  t e s t  because of 
res idua l  u n c e r t a i n t i e s  i n  the  c l e a r  column br igh tness  temperatures.  The 
t u n i n g  w i l l  a l s o  be a f f e c t e d  by u n c e r t a i n t i e s  i n  c l e a r  column radiances b u t  
the t u n i n g  i s  smal l  and t h e r e f o r e  i t  i s  n o t  i t e r a t e d .  
Before  the  i t e r a t i v e  procedure o r  even the  genera t ion  o f  the  
b r igh tness  guess, To(P), 
and the  J n i t i a l  r e t r i e v e d  the  general i t e r a t i v e  
scheme, RiN"  i s  computed u s i n  
TsN+l  i s  now computed on T$+1 and TN(P), 
TB,iN'l i s  computed 
ground temperature 
N+ l th  es t imate  o f  tern- 
pe ra tu re  p r o f i l e ,  i s  now computed essent ia l l y ,as  i n  Eqs. (5.1.13) t o  
(5.1.17) i n  the  c l e a r  t e s t  b u t  i n  t h i s  case, TBN+',i the N + l t h  i t e r a t i v e  
es t imate  c l e a r  c o l  umn b r igh tness  temperature based on the tuned obser- 
va t ions ,  i s  used. As before ,  the  expansion Eq. (5.15) i s  about the  
reg ress ion  i n i t i a l  guess. The terms represented by the  emp i r i ca l  or thogo-  
na l  f u n c t i o n  expansion a r e  now expected t o  be l a r g e r ,  however, because the 
guess may be poorer  than i n  t h e  c l e a r  p a r t  o f  the  t e s t .  
HIRSZ, i t  was found t h a t  e r r o r s  i n  t h e  es t imated  c l e a r  column radiances 
produced s u f f i c i e n t  no ise  so t h a t  a d d i t i o n a l  smoothing had t o  be added i n  
the  temperature r e l a x a t i o n  equat ion,  i n  a manner complete ly  analogous t o  
t h a t  done i n  a n a l y s i s  o f  TIROS-N data [12]. Fo r  HIRSZ, Eq. (5.1.13) was 
rep1 aced by 
For  the  case of 
-N+1 -N - ^ N + 1  N+ 1 
= Ti + 1 Wij(TB Ti ,J B 9 . i  - T (5 .1.27)  
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where V i j  i s  t he  normal ized s l a b  average we igh t i ng  f u n c t i o n  f o r  temperature 
sounding channel j i n  l a y e r  i. This  smoothing procedure was n o t  found t o  
be necessary f o r  ana lys i s  o f  AMTS data, even under c loudy cond i t i ons ,  pre-  
sumably because t h e  c l e a r  column radiances were b e t t e r  accounted f o r  i n  the  
c l o u d  f i l t e r i n g  procedure. The convergence requirement and r e j e c t i o n  c r i -  
t e r i a  i n  t h e  c loudy t e s t  a r e  i d e n t i c a l  t o  those i n  the  c l e a r  t e s t .  
a d d i t i o n ,  once convergence has been reached, an a d d i t i o n a l  check i s  added 
t o  t e s t  whether the  r e t r i e v e d  temperature p r o f i l e  i s  c o n s i s t e n t  w i t h  the  
t ropospher ic  sounding microwave observat ion.  
sure t h a t  t he  c l o u d  f i l t e r i n g  has been done p roper l y .  A f t e r  convergence, 
t h e  p r o f i l e  i s  r e j e c t e d  if the  b r igh tness  temperature computed f o r  MSU 
channel 2, us ing  the  s o l u t i o n  ground temperature and a i r  temperature, d i f -  
f e r s  f r o m  the  observa t ion  i n  t h a t  channel by more than 1°C i f  the  f i e l d  o f  
view was c l e a r ,  and .5"C i f  the  f i e l d  of view was c loudy.  The c r i t e r i o n  i s  
made more s t r i n g e n t  under c loudy cond i t i ons  because i n  these cases, MSU 
channel 2 a f f e c t s  the  recons t ruc ted  c l e a r  column radiances and hence the  
s o l u t i o n .  Under c l e a r  cond i t i ons ,  t he  observat ions i n  MSU channel 2 do n o t  
i n f l u e n c e  the  s o l u t i o n  i n  any way. 
I n  
Th is  i s  a f i n a l  check t o  make 
5.2 NESDIS Procedure 
5.2.1 C lear  cases 
The NESDIS r e t r i e v a l  system used i n  the  AMTS-HIRS t e s t  has two compo- 
One i s  an angle c o r r e c t i o n  procedure t h a t  ad jus ts  a l l  radiances t o  nents .  
zero n a d i r .  The second i s  t h e  convers ion of radiances t o  temperature.  
Th is  t e s t  i s  a comparison between an e x i s t i n g  procedure and one t h a t  
i s  be ing  proposed. 
t i o n a l  r e t r i e v a l  method and an approach proposed by M. Chahine. However, 
Chahine c la imed t h a t  t he  advantages of h i s  method would n o t  be f u l l y  
demonstrated by a HIRS ins t rument  and f o r  t h i s  reason the  AMTS ins t rument  
was inc luded  i n  the  t e s t .  
It s t a r t e d  as a comparison between t h e  NESDIS opera- 
NESDIS's i n t e r e s t  i s  i n  t h e  p o t e n t i a l  f o r  improv ing the  opera t i ona l  
approach so minimal changes have been made t h a t  a re  n o t  d u p l i c a t e d  i n  t h e  
opera t i ona l  system. However i t  should be noted t h a t  present  HIRS i n s t r u -  
ments a re  cons iderab ly  more no ise - f ree  than e a r l y  inst ruments i n  the 
se r ies .  
t i c a l  r e s o l u t i o n  through mathematical deconvol u t i o n  o f  t he  we igh t i ng  func-  
t i o n s .  Advances i n  c o o l i n g  technology as proposed f o r  the AMTS c o u l d  be 
a p p l i e d  t o  the  HIRS ins t rument  t o  p rov ide  an a d d i t i o n a l  decrease i n  no ise  
w i t h  another  inc rease i n  the  number of channels t h a t  c o u l d  be deconvoluted 
t o  inc rease the  v e r t i c a l  r e s o l u t i o n .  
the  t e s t .  
Wi th  l e s s  noise,  more channels cou ld  be added t o  inc rease the ver-  
These cons idera t ions  were n o t  p a r t  o f  
Another f a c t o r  t o  be considered i n  the t e s t  i s  t h a t  t he  HIRS i n s t r u -  
ment i s  used w i t h  two o t h e r  ins t ruments  which compliment the  HIRS i n  the  
upper atmosphere. These ins t ruments  l e a d  t o  an increase i n  accuracy o f  
TOVS soundings over HIRS a lone i n  the  upper atmosphere. I n  the  f u t u r e ,  
an even more advanced microwave ins t rument  i s  be ing  proposed. S e l e c t i o n  
of a f u t u r e  i n f r a r e d  ins t rument  should cons ider  the marginal  increase i n  
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accuracy ove r  microwave ins t ruments  which w i l l  l i k e l y  be f l y i n g  a t  t h a t  
t ime. 
The temperature r e t r i e v a l  f o r  t h e  NESDIS processing i s  easy t o  
The eigenvalues a r e  checked and o n l y  those eigenvec- 
descr ibe .  
[27]. 
and the  temperatures. 
t o r s  assoc ia ted  w i t h  eigenvalues l a r g e r  than some minimum va lue  a re  kept .  
Both  the  rad iance and temperature p r o f i l e s  a r e  then expressed as coe f -  
f i c i e n t s  o f  t h e  s i g n i f i c a n t  e igenvec tors .  Normal reg ress ion  i s  used t o  
p r e d i c t  the  c o e f f i c i e n t s  o f  t h e  temperature e igenvec tors  f rom the  coe f -  
f i c i e n t s  o f  t he  rad iance e igenvec tors .  
then m u l t i p l i e d  by t h e  e igenvec tors .  Th i s  s tep  transforms a reg ress ion  
which r e l a t e s  e igenvec tors  t o  e igenvec tors  t o  one which r e l a t e s  temperature 
t o  radiances. If a l l  e igenvec tors  a re  used, t he  f i n a l  r e s u l t  produces 
reg ress ion  c o e f f i c i e n t s  which agree w i t h  values produced by convent iona l  
methods. However, t he  radiances which serve as p r e d i c t o r s  have l a r g e  co r -  
r e l a t i o n s  among themselves. When no ise  i s  present,  t he  r e s u l t  o f  a normal 
reg ress ion  tends t o  be uns tab le .  D isca rd ing  the e igenvec tors  assoc ia ted  
w i t h  t h e  sma l le r  e igenvalues tends t o  s t a b i l i z e  the  reg ress ion  and has an 
e f f e c t  s i m i l a r  t o  r i d g e  regress ion .  
It i s  t h e  e igenvec to r  reg ress ion  descr ibed by Smith and Woolf 
I n  t h a t  regression, e igenvec tors  a r e  found f o r  bo th  t h e  rad iances  
These reg ress ion  c o e f f i c i e n t s  a re  
To sumarize the regression, l e t  




where t and t B  a re  the  vec tors  o f  temperature and b r igh tness  temperature, 
r e s p e c t i v e l y ,  expressed as d e v i a t i o n s  fgom the  Sample mean, a and b are  the  
c o e f f i c i e n t s  o f  t h e  e igenvec tors ,  and T and TB a re  ma t r i ces  c o n t a i n i n g  
t h e  elements o f  t he  s i g n i f i c a n t  e igenvec tors .  Thus t h e  dimension o f  a i s  
l e s s  than the  dimension o f  t and T 
some e igenvec tors  have been de le ted .  
i n  t h e  r e l a t i o n s h i p  
i s  n o t  a r e c t a n g u l a r  m a t r i x  because 
Standard reg ress ion  i s  used t o  f i n d  D 
a=Db, (5.2.3) 
where D i s  t he  m a t r i x  o f  reg ress ion  c o e f f i c i e n t s .  F i n a l l y ,  i t  i s  no ted  t h a t  
t=T*Db (5.2.4) 
f rom Eqs. (5 .2.1 and 5.2.2).  Since the  e igenvec tors  a r e  orthogonal  
and s u b s t i t u t i o n  i n t o  Eq. (5.2.4) y i e l d s  
and 








The ang le  c o r r e c t i o n  i s  more compl ica ted  because of va r ious  problems 
assoc ia ted  w i t h  t h e  c a l c u l a t i o n  o f  t ransmi t tances .  NESDIS generates 
t ransmi t tances  u s i n g  a f a s t  code which uses e m p i r i c a l  c o e f f i c i e n t s  
generated, i n  t u r n ,  f rom l i n e - b y - l i n e  c a l c u l a t i o n s .  About f o u r  hours o f  
computer t ime  i s  r e q u i r e d  t o  generate the  l i n e - b y - l i n e  da ta  which a r e  
saved. Generat ion o f  e m p i r i c a l  c o e f f i c i e n t s  f o r  a new ins t rumen t  r e q u i r e s  
minutes o f  t ime s i n c e  t h e  l i n e - b y - l i n e  program has t o  be r u n  o n l y  f o r  major 
sc ience changes. 
U n i v e r s i t y  of Denver) c a l c u l a t e  l i n e - b y - l i n e  t ransmi t tances .  I t  tu rned  o u t  
t h a t  t h e  Denver l i n e - b y - l i n e  programs were t o o  slow t o  c a l c u l a t e  the  
c o e f f i c i e n t s .  
An a l t e r n a t i v e  was needed and i t  was decided t o  use a Goddard f a s t  
t ransmi t tance  t h a t  i s  s i m i l a r  t o ,  b u t  somewhat l e s s  accura te  than, t h e  
NESDIS vers ion .  
r e t r i e v a l  method i s  more dependent on knowledge o f  t he  t ransmi t tance  than 
the  reg ress ion  approach employed by NESDIS. 
were a v a i l a b l e  f o r  bo th  the  HIRS and AMTS ins t ruments .  Un fo r tuna te l y ,  t he  
Goddard f a s t  c o e f f i c i e n t s  had been generated w i t h  HIRS f i l t e r s  t h a t  had 
been t r u n c a t e d  by chopping o f f  t h e  wings o f  t he  f i l t e r s .  Th is  caused a 
discrepancy between Goddard and NESDIS f a s t  c o e f f i c i e n t s .  
d iscovered, i t  was a l s o  found t h a t  Goddard c o u l d  n o t  r e r u n  t h e  da ta  because 
the  b a s i c  da ta  had n o t  been saved and 150 hours o f  computer t ime would be 
requ i red .  
system c a l c u l a t e s  each f i l t e r  separa te ly ,  even though the re  i s  apprec iab le  
ove r lap  i n  t h e  wings o f  t h e  HIRS f i l t e r s  and a s i g n i f i c a n t  p o r t i o n  o f  t he  
computer t ime  can be saved by s imply s t o r i n g  t h e  l i n e - b y - l i n e  da ta  f rom one 
f i l t e r  t o  t h e  nex t .  
The o r i g i n a l  p l a n  was t o  have an independent p a r t y  (The 
It would have taken weeks t o  r u n  the  data on t h e  Cray. 
Th is  code was se lec ted  because t h e  Goddard phys i ca l  
I n  a d d i t i o n ,  f a s t  c o e f f i c i e n t s  
When t h i s  was 
Apparent ly t h e  f i l t e r s  had been t runca ted  because t h e  Goddard 
These f a c t o r s  had impacts on t h e  angle c o r r e c t i o n  procedure. 
g i ven  the  smal l  s i z e  o f  t he  angle e f f e c t  and the  r e l a t i v e l y  l a r g e  changes 
due t o  d i f f e rences  i n  t ransmi t tance  programs, the  comparison would have 
been more r e l i a b l e  i f  the  ang le  e f f e c t s  had been ignored. 
I n  f a c t ,  
I n  a reg ress ion  procedure, angle adjustment c o e f f i c i e n t s  a r e  ca l cu -  
l a t e d  from s imu la ted  data. Th is  i s  because t h e  adjustment requ i res  c loudy 
rad iances  a t  two o r  more d i f f e r e n t  angles f o r  the  same l o c a t i o n ,  a phys i ca l  
i m p o s s i b i l i t y  f o r  r e a l  da ta .  A s e t  o f  1200 atmospheres a r e  used t o  simu- 
l a t e  c louds a t  va r ious  amounts and he igh ts .  
The use o f  Goddard t ransmi t tances  was regarded as s a t i s f a c t o r y  u n t i l  
i t  became known t h a t  t he  HIRS f i l t e r s  had been t runcated .  
was decided t o  produce a second r u n  w i t h  da ta  generated a t  zero angle.  
Th is  was used t o  check t h e  angle c o r r e c t i o n  procedure f o r  c l e a r  
atmospheres. 
atmospheres f o r  wh ich  radiances were a v a i l a b l e  a t  two angles. 
s i b l e  t o  generate ang le  da ta  from these cases. 
A t  t h i s  p o i n t  i t  
I n  a d d i t i o n ,  t he  da ta  a t  zero  angle p rov ided  a s e t  o f  400 
I t was pos- 
Resu l ts  o f  t he  va r ious  
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angle c o r r e c t i o n s  show t h a t  t he  e r r o r  i n  the  f i n a l  angle c o r r e c t i o n  i s  
smal l ,  b u t  t he  o r i g i n a l  NESDIS c o e f f i c i e n t s  produced l a r g e  e r r o r s  due t o  
the  d i f f e r e n c e s  i n  the  t r u n c a t i o n  o f  t h e  we igh t i ng  f u n c t i o n s .  
pa te  a quest ion,  the  idea o f  t r u n c a t i n g  the  we igh t i ng  func t i ons  i n  the  
NESDIS c a l c u l a t i o n s  was considered, b u t  t he re  were u n c e r t a i n t i e s  about 
the  na tu re  o f  the  t r u n c a t i o n  t h a t  cou ld  n o t  be reso lved  t o  everyone's 
s a t i s f a c t i o n .  
To a n t i c i -  
The AMTS c o r r e c t i o n s  show s l i g h t l y  l a r g e r  e r r o r s  than the  HIRS 
we igh t i ng  f u n c t i o n s .  
were generated i n d i r e c t l y  f rom the  HIRS c w r e c t i o n s .  
i n  e r r o r  due t o  t h i s  e f f e c t  i s  l e s s  than 0.1K w i t h  the except ion  o f  a 
couple l e v e l s .  The e f f e c t  on the  o v e r a l l  s t a t i s t i c s  was judged t o  be 
n e g l i g i b l e .  
Th is  i s  due t o  the  f a c t  t h a t  AMTS angle c o r r e c t i o n s  
However, the  increase 
Angle c o r r e c t i o n  c o e f f i c i e n t s  a re  c a l c u l a t e d  f rom the  f o l l o w i n g  
re1  a t i o n s h i p .  
0 N o  
BTo - BT.  = a + 1 a i B T i ,  
0 i = l  j J 
where B T .  i s  t he  b r igh tness  temperature f o r  channel j a t  zero n a d i r  angle,  
B T j  i s  d e  va lue a t  angle e ,  and a. and a i  are constants .  
by doub l i ng  the  amount o f  no ise  present .  However, the  seed o f  the random 
number generator  was n o t  r e s e t  so t he  case w i t h  more no ise  had d i f f e r e n t  
no ise f rom the  o r i g i n a l  data,  n o t  t he  same no ise  w i t h  tw ice  the  ampl i tude.  
I n  a l a r g e  sample, t he  d i f f e r e n c e  should n o t  be s i g n i f i c a n t .  The increase 
i n  accuracy w i t h  inc reased no ise  shown f o r  the  AMTS a t  some l e v e l s  i s  i n  
o p p o s i t i o n  t o  expec ta t ions  and r a i s e s  the  p o s s i b i l i t y  t h a t  t he re  i s  some 
e f f e c t  due t o  the  f a c t  t h a t  d i f f e r e n t  random numbers were used. These 
r e s u l t s  r a i s e  doubts about the  v a l i d i t y  o f  t he  r e s u l t s  f o r  t he  double no ise  
t e s t .  
There was an a t tempt  t o  eva lua te  the e f f e c t  o f  no ise  on the  r e t r i e v a l s  
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6. CLEAR COLUMN RESULTS ( N .  P h i l l i p s )  
Appendix B con ta ins  a d e t a i l e d  t a b u l a t i o n  o f  t he  r e s u l t s  ob ta ined  by 
comparing t h e  r e t r i e v e d  temperatures f rom t h e  two ins t ruments  and two 
r e t r i e v a l  methods a g a i n s t  t h e  "or ig in-a1 soundings." I n  do ing  t h i s ,  each 
s tandard ized o r i g i n a l  sounding T(p)  de f i ned  as a sequence o f  connected 
s t r a i g h t  l i n e  segments i n  l o g  p, was f i r s t  conver ted  i n t o  a sequence o f  22 
temperature values de f ined as the  mean value ( w i t h  respec t  t o  l o g  p )  f o r  
t he  18 v e r i f i c a t i o n  l a y e r s  between 1000 and 100 mb ( t h e  " t roposphere") ,  and 
f o r  t h e  4 l a y e r s  between 100 and 16 mb ( t h e  "s t ra tosphere " ) .  I n s p e c t i o n  o f  
t he  i n d i v i d u a l  c o n t i n e n t a l  and oceanic r e s u l t s  showed l i t t l e  o r  no system- 
a t i c  d i f fe rence.  Therefore t h i s  d i s t i n c t i o n  i s  ignored i n  t h i s  sumnary.1 
A common measure w i l l  be a r o o t  mean square e r r o r .  For  a l a y e r  tem- 
pe ra tu re  t h i s  w i l l  be 
N. 
2 1 1 2  K 
d T .  = J [ l / N k l  1 [ T i j k ( r e t a )  - T i j k ( v e r ) I  } , 
i = l  J kR 
( 6 . 1  1 
where j ( i n c r e a s i n g  upward) denotes the  l a y e r ,  k denotes t h e  da ta  base 
( l a t i t u d e  b e l t  and/or season), Nk i s  t he  sample s i ze ,  and denotes a par -  
t i c u l a r  cho ice  o f  i ns t rumen t  and r e t r i e v a l  method. " r e t "  and I 'ver" denote 
the  r e t r i e v e d  value and t h e  v e r i f y i n g  value. 
c i e n t  by i t s e l f ,  however, s ince  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  dT i s  meteoro- 
l o g i c a l l y  s i g n i f i c a n t .  Experience [22,231 has shown t h a t  dT has a v e r t i c a l  
d i s t r i b u t i o n  such t h a t  i t  can be sma l le r  f o r  very t h i c k  l a y e r s  than f o r  
t h i n  l a y e r s .  
Th is  measure i s  n o t  s u f f i -  
As one aspect o f  t h i s  i t  i s  use fu l  t o  examine the  e r r o r  i n  t h e  h e i g h t  
th ickness  e r r o r  f o r  pressure l e v e l  j ,  obta ined by r e p l a c i n g  the  two temper- 
a t u r e  values i n  t h e  r i g h t  s i d e  o f  (6.1) by t h e  h y d r o s t a t i c  h e i g h t  of t h e  
pressure P j  r e l a t i v e  t o  1000 mb: 
J 
(we i g n o r e  v i r t u a l  temperature c o r r e c t i o n .  
Table 6.1 shows these measures as summary values o f  dT f o r  t h e  t r o -  
posphere (lOOO>p>lOO) and s t ra tosphere  (lOO>p>16), and f o r  t he  va lue  o f  dh 
a t  two t ropospher i c  p ressure  values. (STAT denotes t h e  NESDIS s t a t i s t i c a l  
r e t r i e v a l  process and PHYS the  NASA phys i ca l  process descr ibed i n  Chapter 
5.) The d e t a i l e d  v e r t i c a l  s t r u c t u r e  o f  dT, averaged f o r  bo th  l a t i t u d e  
b e l t s  and b o t h  seasons, i s  shown i n  F i g u r e  6.1. ("Averages" o f  dT a r e  o f  
1The i d e n t i t y  o f  t he  two ins t ruments  was coded i n  the  r e t r i e v a l  tapes 
(HIRS = 1 and AMTS = 2 )  as was t h e  r e t r i e v a l  method (STAT = 4, PHYS = 5 )  
u n t i l  t h i s  chap te r  was ready f o r  f i n a l  t yp ing .  
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F i g u r e  6.1 
l a t i t u d e s  and b o t h  seasons. 
1 ayer. 
V e r t i c a l  d i s t r i b u t i o n  o f  rms r e t r i e v a l  e r r o r  averaged over  a l l  
Values a re  p l o t t e d  a t  the  mean l o g  p f o r  each 
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course computed as t h e  square r o o t  o f  t h e  mean o f  squared i n d i v i d u a l  dT 
values d e f i n e d  i n  equat ion  6.1).  
made. 
The f o l l o w i n g  general statements can be 
A. The AMTS i s  more accura te  than HIRS,  e s p e c i a l l y  above 300 mb. 
B. The PHYS r e t r i e v a l  method i s  somewhat b e t t e r  than the  STAT method. 
C.  
AMTS i n  t h e  bottom l a y e r .  
The use o f  PHYS i n s t e a d  o f  STAT i s  e s p e c i a l l y  advantageous f o r  
D. 
smal l .  
Between 774 mb and 408 mb the  d i f f e r e n c e s  a r e  systemat ic b u t  
E .  
temperature e r r o r s  f o r  each system suggests t h a t  bo th  ins t ruments  
produce a s i m i l a r  p a t t e r n  o f  v e r t i c a l  c o r r e l a t i o n  o f  t ropospher ic  
temperature e r r o r s ,  w i t h  compensating s igns  . 
F. 
mb f o r  t he  combinat ion AMTS-PHYS correspond t o  e r r o r s  i n  v e r t i c a l  
mean temperature o f  o n l y  0.24" and 0.49" over t h e  l a y e r s  1000-527 
and 1000-245 mb. These may be more accurate  than radiosonde 
Val ues. 
The rough p r o p o r t i o n a l i t y  o f  t h e  h e i g h t  e r r o r s  t o  t ropospher ic  
The rms h e i g h t  e r r o r  o f  4 . 5  meters a t  527 and 20.2 meters a t  245 
G. 
t he  sampl e mean temperature f o r  i n d i  v i  dual 1 ayers . 
The s t a t i s t i c a l  method does a s l i g h t l y  b e t t e r  j o b  i n  r e t r i e v i n g  
A l l  systems succeed i n  g e t t i n g  h e i g h t  e r r o r s  sma l le r  than i s  suggested 
by t h e i r  l a y e r  rms temperature e r r o r s  i n  F i g u r e  6.1. Th is  i s  o n l y  p o s s i b l e  
i f  a l l  systems f a i l  t o  sense v e r t i c a l  d e t a i l s .  Th i s  can be examined i n  
more d e t a i l  by cons ide r ing  t h e  temperature covar iance m a t r i x  of t h e  
v e r i f y i n g  temperatures 
k n 
i n  which p 
the  sample 
and q r e f e r  t o  two l a y e r s ,  and T '  i s  t h e  d e v i a t i o n  o f  T ipk  f rom 
mean Tpk f o r  t h a t  l a y e r :  
( I n  b o t h  se ts  Tpk was a very smooth f u n c t i o n  o f  p.)  
C was computed f o r  t h e  18 x 18 square a r r a y  f o r  t h e  t roposphere 
layersP?or  each o f  t h e  two da ta  se ts  c o n s i s t i n g  o f  a l l  192 p r o f i l e s  i n  the  
January s e t  and t h e  June s e t .  The 18 orthonormal e igenvec tors  E j n  of t h e  
symmetric m a t r i x  Cpq d e f i n e  "emp i r i ca l  or thogonal  f u n c t i o n s "  f o r  T '  o f  t h i s  
s t a t i s t i c a l  sample, w h i l e  the  assoc ia ted  eigenvalues Xn g i ve  the  var iance 
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of T '  assoc ia ted  w i t h  each eigenvalue. The l a t t e r  account f o r  t h e  t o t a l  
var iance o f  T ' :  
The e igenvec tors  and eigenvalues a r e  descr ibed i n  Table 6.2. The June and 
January values a r e  very s i m i l a r  a l though the  t o t a l  var iance i n  June (741 
deg2) i s  o n l y  about h a l f  t h a t  o f  t h e  January s e t  (1549 deg2). Th i s  t a b l e  
(and t h e  complete s e t )  shows t h a t  t he  var iance c o n t r i b u t e d  by each eigen- 
vec to r  decreases as i t s  v e r t i c a l  s t r u c t u r e  becomes more v a r i a b l e  ( i . e .  more 
changes of s i g n ) .  
5 e igenvec tors .  
e igenvec tors  1-5 account f o r  98.11 percent, w i t h  e igenvec tor  6 b r i n g i n g  t h e  
t o t a l  t o  98.89 percent .  
I n  w i n t e r  99.07 percent  o f  t he  var iance i s  i n  t h e  f i r s t  
(These a r e  shown g r a p h i c a l l y  i n  F i g u r e  6.2) I n  sumner 
A s i n g l e  p r o f i l e  o f  temperature d e v i a t i o n ,  e i t h e r  T ' ( r e t )  o r  T ' ( v e r ) ,  
can be analyzed i n t o  a l i n e a r  combinat ion of t h e  E j n ,  
18 
Tij' = c ainejn, 
n= 1 
where t h e  expansion c o e f f i c i e n t  i s  g i ven  by 
18 
a i n  = 1 cjnrjr. 
j=l 
( 6 . 6 )  
( 6 . 7 )  
The success o f  a p a r t i c u l a r  system ( a )  i n  r e t r i e v i n g  v e r t i c a l  d e t a i l  i n  T '  
below 100 mbs can then be examined by computing t h e  e r r o r  var iance f o r  each 
e i  genvector 
[The sum o f  V n h  over a l l  n would equal t h e  sum o f  ( d T - h ) 2  over j = 1,18 
except t h a t  Vnka ignores  e r r o r s  i n  r.1 For  example, i s  system R = 1 has 
s m a l l e r  values o f  dT a t  a l l  l e v e l s  than does system R = 2, i t  migh t  achieve 
t h i s  e i t h e r  by reduc ing  VnkR f o r  a l l  o r  most values o f  n, o r  by o n l y  reduc- 
i n g  Vnka f o r  t h e  f i r s t  several  values o f  n. I n  t h e  former case i t  would do 
a b e t t e r  j o b  o f  reproduc ing  a l l  v e r t i c a l  d e t a i l ,  w h i l e  i n  t h e  second case i 
would be do ing  so o n l y  f o r  t h a t  v e r t i c a l  d e t a i l  con ta ined i n  t h e  f i r s t  sev- 
e r a l  e igenvec tors  shown i n  F i g u r e  6.2. 
Table 6.3 descr ibes  t h i s  p a r t i t i o n i n g  o f  squared e r r o r  i n  T I .  
s u b - t o t a l s  f o r  vec to rs  (1 -5)  and vec tors  (6-18) show c l e a r l y  t h a t :  
The 
H. A l l  systems do e q u a l l y  p o o r l y  i n  e igenvec tors  6-18, and t h e  
















































































Table 6.2. Eigenvectors 1-6 plus 9, 12, and 18 ( x  1000) fo r  the w i n t e r  and 
sumner data se ts ,  together w i t h  the f r a c t i o n  o f  the variance ( p a r t s  per 
1000) explained by each o f  them. The t o t a l  mean variance was 1549 deg2 f o r  
the w i n t e r  s e t  and 741 deg2 for  the sumner se t .  I n  each s e t  the eigenvec- 
tors a r e  ordered accordi ng t o  decreasing eigenval ues. 
RANK 1 2 3 4 5 6 9 12 18 
J a nua ry 
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-4 e -2 0 4 2 0 4 4 6 
Figure  6.2 V a r i a t i o n  w i t h  h e i g h t  o f  t he  f i r s t  f i v e  e igenvectors  
(normal ized)  f o r  t he  January data. 
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i s  accomplished on ly  by b e t t e r  r e t r i e v a l  o f  t he  f i r s t  s i x  eigenvec- 
t o r s .  
The t h e o r e t i c a l  s tudy and conclus ions by Conrath [24] e v i d e n t l y  apply a l s o  
t o  the  ins t rumenta l  combinat ions t e s t e d  here.  
Table 6.3 P a r t i t i o n i n g  o f  r e t r i e v a l  e r r o r  (deg2) among d i f f e r e n t  
e i  genvec t o r s .  
INST HIRS HIRS AMTS AMTS 
METH STAT PHYS STAT PHYS 
January 
1 7.77 -3-x 5.45 4.56 
2 24.28 14.83 7.51 3.42 
3 20.82 21.59 12.00 5.66 
4 10.06 5.45 6.21 3.47 
5 10.93 9.38 8.67 7.25 
(1-5) (73.86) (61.06) (39.84) ( 24.36 1 
6 4.20 4.20 4.35 3.96 
7 2.78 2.95 2.72 3.24 
8 2.19 2.26 1.98 2.20 
9 1.20 1.22 1.21 1.22 
10 0.93 0.95 0.89 0.96 
(6-18) (13.77) (13.65) ( 13.38) (13.78) 
(1-18) (87.63) (74.71) (53.22) (38.14) 
1 15.06 12.56 4.87 3.69 
2 18.78 12.42 5.35 3.63 
3 10.21 8.75 4.83 3.88 
4 10.87 6.39 5.74 3.12 
5 6.39 6.93 5.69 4.39 
(1-5) (61.31 1 (47.05) (26.48) (18.41) 
6 4.01 3.75 3.67 3.39 
7 3.28 2.91 2.82 2.70 
8 1.80 1.68 1.72 1.75 
9 1.03 1.07 1.17 1.17 
10 0.75 0.68 0.76 0.68 
(6-18) (12.71) (11.72) (11.98) ( 11.64 
(1-18) ( 74.02 ( 58.77 (38.46) (30.05) 
June 
Since on ly  one percent  o r  so o f  t he  T '  var iance i s  conta ined i n  eigen- 
vec tors  6-18, i t  might  be argued t h a t  inc reased accuracy i n  these com- 
ponents i s  n o t  impor tan t .  
des i rab le .  Separate ly  i n  the w i n t e r  s e t  ( k = l )  and i n  the  summer s e t  (k=2),  
the 6 examples o f  T ( v e r )  c o n t a i n i n g  the  most pronounced s t a b l e  l a y e r  i n  the  
lower  t roposphere (p>359 mb) away from the  sur face  were l oca ted .  
done by f i r s t  examining T ( v e r )  t o  g e t  192 values, one f rom the  lower  t r o -  
posphere o f  each p r o f i l e ,  o f  the  q u a n t i t y  
An even more graph ic  t e s t  was t h e r e f o r e  
Th is  was 
A 2 T i k  = max (j=3,8) of (Tij-ik-2Tijk+Tij+ik). 
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The 6 examples ( i  va lues)  w i t h  the  most negat ive  A ~ T  were then se lec ted  f o r  
each k. 
r e t r i e v a l  values of t h i s  q u a n t i t y .  The l a t t e r  a re  oppos i te  i n  s i g n  and 
almost equal i n  magnitude t o  A ~ T  ( v e r ) .  A l l  systems f a i l  t h i s  t e s t  
miserably,  w i t h  e r r o r s  l a r g e  enough t o  reduce the  l a r g e  negat ive  values o f  
A ~ T  t o  zero.  
Table 6.4 tabu la tes  t h e  12 values o f  A ~ T  ( v e r )  and t h e  e r r o r s  i n  
Table 6.4 E r r o r s  i n  sensing i nve rs ions  i n  t h e  lower  troposphere. 
E r r o r  i n  A ~ T  
HIRS HIRS AMTS AMTS 
Data S e t  A2T( v e r )  STAT PHYS STAT PHYS 
Jan - I .  1" I .  1" 1.0" 6.2" 
Jan -7.7 6.2 5.6 6.0 4.7 
Jan -6.8 6.8 5.6 6.3 5.6 
Jan -6.1 6.2 6.9 6.2 6.4 
Jan -5.6 5.9 5.4 5.5 5.3 
Jan -5.6 4.1 4.5 4.8 4.5 
J un -7.2 7.1 6.5 6.9 6.7 
J un -5.7 4.9 4.7 5.2 4.1 
J un -5.6 5.4 4.8 4.7 4.8 
J un -5.6 5.2 4.7 5.1 4.4 
Jun -5.1 4.7 4.1 4.4 3.7 
Jun -4.7 4.2 3.7 4.6 3.5 
Avg -5.7 5.6 5.3 5.6 5.0 
As descr ibed e a r l i e r  i n  Chapter 4, t he  radiances f rom the  e x t r a t r o p i -  
c a l  w i n t e r  s e t  were recomputed w i t h  added noise, as a t e s t  o f  t h e  sen- 
s i t i v i t y  t o  t h e  o r i g i n a l  no ise  values. Table 6.5 sumnarizes t h e  r e s u l t s .  
The r e s u l t s  do n o t  change the  r e l a t i v e  s k i l l ,  a l though i t  i s  p u z z l i n g  why 
added no ise  s l  i g h t l y  improved the  performance o f  t he  AMTS-STAT combinat ion.  
(Perhaps because o f  sampling u n c e r t a i n t i e s  due t o  the  l i m i t e d  sample s i z e . )  
Table 6.5 E f f e c t  of added no ise  on t h e  w i n t e r  3O0N-6O0N r e t r i e v a l s  
(rms values i n  deg and meters ) .  " D i f f "  i s  computed as t h e  square r o o t  
o f  t he  d i f f e r e n c e s  i n  the  squares. 
H I R S  HIRS AMTS AMTS 
STAT PHYS STAT PHYS 
dT Noisy 2.82 2.08 1.96 
over  18 lyrs O r i  g 2.64 22::; 2.10 1.72 
(1000-100 mb) D i f f  0.99 0.59 ---- 0.94 
dT Noi sy 3.09 3.42 2.13 2.14 
over 4 l y r s  O r i  g 3.01 3.31 2.21 1.94 
(100-16 mb) D i f f  0.70 0.86 ---- 0.90 
dh (527 mb) O r i  g 15.1 7.6 12.3 5.3 
dh (245 mb) O r i  g 34.0 37.4 30.5 33.1 
Noi sy 15.9 9.4 12.9 8.2 
D i f f  5.0 5.5 3.9 6.3 
Noi sy 35.0 38.0 30.0 35.8 
D i f f  8.3 6.7 ---- 13.6 
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7. CLOUDS (L .  Crone) 
Many o f  t h e  rad iance measurements made by an atmospheric sounder a r e  
contaminated t o  some degree by c louds. 
be s e r i o u s l y  d e f i c i e n t  i f  i t  d i d  n o t  i n c l u d e  s i t u a t i o n s  i n v o l v i n g  c louds. 
Radiances over an extended r e g i o n  o f  t h e  e a r t h ' s  su r face  must be s imu la ted  
s ince  a sounding cannot be determined f rom a s i n g l e  c l o u d  contaminated 
f i e l d  o f  view. The p resen t  t e s t  has t h e  a d d i t i o n a l  comp l i ca t i on  t h a t  t h e  
f i e l d s  of view and scan p a t t e r n s  o f  t he  two ins t ruments  a r e  d i f f e r e n t .  
Therefore, a s i m u l a t i o n  study would 
7.1 Cloud f i e l d s  
The cloudy t e s t  c o n s i s t s  o f  40 s e t s  o f  s imu la ted  radiances f o r  each o f  
t he  two ins t ruments .  Each s e t  o f  radiances represents t h e  measurements 
made over an area which i s  nomina l l y  200km x 200km a t  n a d i r ,  b u t  a c t u a l l y  
covers a l a r g e r  r e g i o n  on t h e  e a r t h ' s  su r face  because o f  geometric e f f e c t s .  
The 40 t e s t  cases a r e  centered  a t  f o u r  d i f f e r e n t  scan angles: 
13.5", 27", and 40.5", w i t h  10, 12, 10, and 8 cases, r e s p e c t i v e l y ,  occur- 
r i n g  a t  each angle.  
0" ( n a d i r ) ,  
Cloud f i e l d s  were generated u s i n g  a program w r i t t e n  by D r .  L.  Crone of 
This  program a l l ows  up t o  f o u r  l a y e r s  o f  c louds  t o  be cons t ruc ted ,  
Fo r  each l a y e r ,  
NESDIS. 
each l a y e r  composed o f  a number of ove r lapp ing  e l l i p s o i d s .  
t he  f r a c t i o n  o f  t he  r e g i o n  t o  be covered by c louds  must be prescr ibed,  as 
must t h e  dimensions and o r i e n t a t i o n  o f  t h e  e l l i p s o i d s ,  and t h e  h e i g h t  of 
t h e  c e n t e r  o f  t he  e l l i p s o i d s  above t h e  ground. I n  a d d i t i o n ,  t he  user  can 
request  t h a t  t h e  e l l i p s o i d s  should tend  t o  c l u s t e r  together .  The program 
then determines t h e  l o c a t i o n s  o f  t h e  c l o u d  cen te rs  us ing  a random number 
genera tor .  Since each c l o u d  l a y e r  i s  composed o f  many ove r lapp ing  e l l i p -  
s o i d a l  elements, t h e  upper su r face  i s  n o t  f l a t ,  b u t  i s  more o r  l e s s  bumpy 
dependi ng on the  dimensions o f  t h e  e l  1 i pso i  ds . 
s imu la ted  over an extended r e g i o n  which i s  nomina l l y  240km x 240km a t  
n a d i r .  
be as f a r  as 20km o u t s i d e  t h e  t a r g e t  r e g i o n  i n  any d i r e c t i o n .  
I n  o r d e r  t o  minimize any edge e f f e c t s ,  t h e  c l o u d  f i e l d  i s  a c t u a l l y  
The c e n t e r  o f  an e l l i p s o i d a l  c l o u d  element a t  n a d i r  can t h e r e f o r e  
F u l l  d e t a i l s  o f  t h e  parameters used t o  determine t h e  40 c l o u d  f i e l d s  
However, t h e  f o l -  
used i n  t h e  t e s t  w i l l  be  n o t  released. The c l o u d  f i e l d s  w i l l  be a v a i l a b l e  
f o r  f u t u r e  t e s t i n g  o f  a lgo r i t hms  o r  proposed sounders. 
l ow ing  broad d e s c r i p t i o n  w i l l  show what k inds  o f  c l o u d  f i e l d s  were used 
w i t h o u t  r e v e a l i n g  enough d e t a i l s  t o  compromise f u t u r e  use o f  t h e  da ta  base. 
The 40 cases were d i v i d e d  i n t o  seven groups based on a t a r g e t  t o t a l  
c l o u d  cover C, as shown i n  Table 7.1.1. The f r a c t i o n a l  c l o u d  covers C1 ,  C2 
and C3 f o r  t h r e e  l a y e r s  was chosen f o r  each case so t h a t  i f  t h e r e  were no 
c o r r e l a t i o n s  between the  clouds i n  d i f f e r e n t  l a y e r s ,  t h e  t o t a l  c l o u d  cover 
would be C .  I n  p a r t i c u l a r  t h e  r e l a t i o n  
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was sa t i s f ied .  As a resu l t  the actual total  cloud cover was i n  some cases 
greater than and i n  some cases l e s s .  
Table 7.1.1 Distribution of cases by target  cloud cover. 
r .625 .675 .725 .775 .825 .875 .925 
No. of Cases 2 4 6 8 9 8 3 
The remaining cloud character is t ics  were determined by assigning f o r  
each case values for each of the vectors R ,  N, H and D. Tables 7.1.2-7.1.5 
l i s t  the values which were used. The vector R determines the eccentricity 
of the el l ipsoids  a t  each of three cloud layers. T h a t  i s ,  r i  i s  the r a t io  
of the semi-major axis t o  the semi-minor axis of a cloud i n  layer i . The 
vector N determines the s ize  of the cloud elements. I n  layer i ,  N i  i s  the 
number of cloud el l ipsoids  required to  give the prescribed cloud cover i f  
no overlapping occurred. This gives the product of the semi-major axis a i  
and the semi-minor axis b i  by the formula 
ai  b i  = (Region Area) x C i  / ( N i ) .  
The vector H describes the height of the cloud base and the thickness of 
the cloud, b o t h  i n  km. 
axis of the ell ipsoidal elements i n  each layer w i t h  respect t o  the 
Eas t-Wes t d i  rect i  on. 
The vector D describes the orientation of the major 
Finally, i n  order t o  ensure t h a t  there be no t o t a l l y  c lear  f ie lds  of 
This layer would consist of rela- 
view and t o  include the effects  of minor variations i n  the atmosphere, the 
participants i n  the t e s t  decided t h a t  a t h i n  cloud layer w i t h  emissivity 
.08 would be included a t  a b o u t  300 mb. 
ti vely smal 1 , non-cl usteri ng cloud elements covering approximately 50 per- 
cent of the region. 
T a b l e  7.1.2 Eccentricity o f  e l l i p s o i d s  by layer. 
r 1 r2 r3 
R 1  1 1 2 
1 2 3 
1 3 3 
R2 
1 4 4 
R3 
R4 
Table 7.1.3 Size of e l l ipsoids  by layer. 
n 1  n2  n3 
N 1  500 20 20 
500 10 10 
500 10 20 
N2 




Table 7.4 He igh t  o f  c l o u d  bases and th i ckness  o f  c louds. 
Layer 1 Layer 2 Layer 3 
B as e/Th i c k n es s Base/Thi c kness Base/Thi ckness 







Table 7.5 O r i e n t a t i o n  o f  e l l i p s o i d s .  
Layer 1 Layer 2 Layer 3 









7.2 Scan p a t t e r n s  
The f i e l d s  o f  view o f  t he  HIRS a r e  modeled as rec tang les  20km l o n g  
i n  t h e  d i r e c t i o n  o f  o r b i t a l  mot ion  and 1 .35 degrees wide i n  scan angle f rom 
l e f t  t o  r i g h t .  The f i e l d s  o f  view a re  cons idered t o  be cont iguous i n  the  
l e f t  t o  r i g h t  d i r e c t i o n  b u t  t h e r e  i s  a 20km gap a t  n a d i r  i n  t h e  d i r e c t i o n  
o f  o r b i t a l  mot ion.  The f i e l d s  o f  view spread o u t  i n  t h e  d i r e c t i o n  o f  o r b i -  
t a l  mot ion  as t h e  i ns t rumen t  scans t o  the  s i d e  because o f  i n c r e a s i n g  d i s -  
tance o f  t he  e a r t h ' s  su r face  f rom the  s a t e l l i t e .  Each t e s t  case con ta ins  50 
HIRS f i e l d s  o f  view. 
The f i e l d s  o f  view o f  t h e  AMTS a r e  modeled as rec tang les  lOkm l o n g  i n  
the  d i r e c t i o n  o f  o r b i t a l  mot ion  and 0.675 degrees wide i n  scan angle from 
l e f t  t o  r i g h t  d i r e c t i o n  and i n  t h e  d i r e c t i o n  o f  o r b i t a l  mot ion.  The model 
does n o t  i n c l u d e  a spread i n  t h e  d i r e c t i o n  o f  o r b i t a l  mot ion s ince  the  
instantaneous f i e l d  o f  view i s  t i l t e d  as t h e  scan m i r r o r  t u r n s .  There a r e  
400 AMTS f i e l d s  o f  view i n  each t e s t  case. 
F i g u r e  7.2.1 shows t h e  models used f o r  t h e  scan p a t t e r n s  o f  b o t h  
ins t ruments .  
7.3 Radi ances 
Meteoro log ica l  c o n d i t i o n s  were assoc ia ted  w i t h  each o f  t h e  40 t e s t  
cases by s p e c i f y i n g  t h e  temperature and humid i t y  soundings a t  16 l o c a t i o n s  
d i s t r i b u t e d  i n  a 4 x 4 a r r a y  f o r  each case. 
channel on b o t h  ins t ruments  a s e t  o f  17 radiances was computed by Murcray: 
one assuming a c l e a r  atmosphere, and 16 assuming a b l a c k  c l o u d  a t  16 s tan-  
dard pressure l e v e l s  i n  t h e  atmosphere. 
Each HIRS f i e l d  o f  view was broken up i n t o  a 12 x 12 a r r a y  o f  144 
p i x e l s ,  and, independent ly,  each AMTS f i e l d  o f  view was broken up i n t o  a 6 
x 6 a r r a y  o f  36 p i x e l s .  Th i s  made t h e  H I R S  p i x e l s  approximately t h e  same 
s i z e  as t h e  AMTS p i x e l s .  The c o n d i t i o n s  a t  t h e  c e n t e r  o f  a p i x e l  were 
assumed t o  e x i s t  across t h e  e n t i r e  p i x e l .  Radiances f rom a p i x e l  were com- 
puted by i n t e r p o l a t i n g  h o r i z o n t a l l y  between t h e  16 soundings and v e r t i c a l l y  









F i g u r e  7.2.1 Modelled f i e l d s  o f  
between t h e  16 standard pressure 
a r e  a sum of 36 p i x e l  radiances, 
144 p i x e l  radiances. 
HIRS 
view. 
l e v e l s .  Thus, s imu la ted  AMTS radiances 
and s imu la ted  H I R S  radiances a re  a sum o f  
F i g u r e  7.3.1 shows t h e  cumula t ive  d i s t r i b u t i o n  o f  t he  c loud iness  i n  
each f i e l d  of view f o r  each ins t rument .  There were 2,000 H I R S  f i e l d s  o f  
view i n  t h e  exper iment (50 f i e l d s  o f  view/case x 40 cases) and 16,000 AMTS 
f i e l d s  of view (400 x 40 ) .  The o r d i n a t e  i n  F i g u r e  7.3.1 shows what f r a c -  
t i o n  of t h e  2,000 HIRS o r  16,000 AMTS f i e l d s  o f  view had c l o u d  cover l e s s  
than o r  equal t o  t h e  abscissa. Fo r  example, about 30 percent  o f  t he  16,000 
AMTS f i e l d s  o f  view had l e s s  than 70 percent  c l o u d  cover, b u t  about 38 per-  
c e n t  of t h e  2,000 HIRS cases were l e s s  than 70 percent  c loudy. 
percent  of t h e  HIRS and 5 percent  of t he  AMTS f i e l d s  o f  view were c l e a r ,  
and 28 percent  o f  t h e  H I R S  and 46 pe rcen t  o f  t he  AMTS f i e l d s  o f  view were 
t o t a l l y  c loudy .  
n o t  i n c l u d e  t h e  t h i n  c l o u d  l a y e r  a t  300mb. 
as a d e s c r i p t i o n  o f  t h e  s imu la ted  c l o u d  cases used i n  the  experiment. I t  
i s  n o t  c l e a r  whether r e a l  c louds would g i v e  sma l le r  s t a t i s t i c s .  
About 1 
It should be noted t h a t  t he  s t a t i s t i c s  i n  F i g u r e  7.3.1 do 
Also, these da ta  are presented 
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FRFICTION OF FIELD OF VIEW WHICH IS CLOUDY 
F i g u r e  7.3.1. Cumulative d i s t r i b u t i o n  of 40 t e s t  cases. 
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8. Cloudy Resul ts  
The c loudy data s e t  conta ined 40 t e s t  cases, based on radiosondes 
drawn from t h e  same data base (January-February 1979) as t h e  c l e a r  "winter1 '  
s e t .  I n  t h e  s t a t i s t i c a l  r e t r i e v a l  method (NESDIS), 4 o f  t h e  40 cases were 
judged t o o  d i f f i c u l t  f o r  a u s e f u l  i n f r a r e d  r e t r i e v a l .  The emphasis i n  t h i s  
chapter  w i l l  t h e r e f o r e  be on s t a t i s t i c s  o f  t h e  36 cases comnon t o  bo th  
r e t r i e v a l  methods. 
Although drawn f rom t h e  same data base, i t  turned o u t  t h a t  t h e  mean 
var iance o f  temperature a t  f i x e d  pressures i n  t h e  troposphere was g r e a t e r  
w i t h i n  t h e  radiosondes o f  t h e  c l e a r  w i n t e r  sample than i n  t h e  sma l le r  
c o l l e c t i o n  s e l e c t e d  f o r  t h e  c loudy s e t .  It seems reasonable t h a t  r e t r i e v a l  
e r r o r s  a r e  somewhat p r o p o r t i o n a l  t o  t h e  ' s i g n a l '  i n  a data s e t .  I f  so, 
t h i s  acc iden t  of s e l e c t i o n  appears t o  e x p l a i n  t h e  anomalous r e s u l t s  (shown 
l a t e r )  t h a t  t h e  36 c loudy r e t r i e v a l s  were more accurate than t h e  c l e a r  
r e t r i e v a l s !  
t h e  c loudy and c l e a r  w i n t e r  se ts .  
(Table 8.1) between t h e  9 c l e a r  and 9 cloudy cases f o r  t h e  phys i ca l  
F o r t u n a t e l y ,  t h e r e  were 9 radiosondes t h a t  were used i n  b o t h  
Th is  enabled a comparison t o  be made 
Table 8.1. Root-mean-square r e t r i e v a l  e r r o r s  from phys i ca l  r e t r i e v a l  
method f o r  9 cases common t o  t h e  c loudy and c l e a r  sets .  
HIRS AMTS 
Layer CLDY CLR CLDY CLR 
LYR 22 P = 25 - 16 2.42 3.02 2.02 2.50 
LYR 21 P = 40 - 25 
LYR 20 P = 63 - 40 
LYR 19 P = 100 - 63 
LYR 18 P = 114 - 100 
LYR 17 P = 129 - 114 
LYR 16 P = 147 - 129 
LYR 15 P = 167 - 147 
LYR 14 P = 190 - 167 
LYR 13 P = 215 - 190 
LYR 12 P = 245 - 215 
LYR 11 P = 278 - 245 
LYR 12 P = 245 - 215 
LYR 11 P = 278 - 245 
LYR 10 P = 316 - 278 
LYR 9 P = 359 - 316 
LYR 8 P = 408 - 359 
LYR 7 P = 464 - 408 
LYR 6 P = 527 - 464 
LYR 5 P = 599 - 527 
LYR 4 P = 681 - 599 
LYR 3 P = 774 - 681 
LYR 2 P = 880 - 774 












































































































r e t r i e v a l  method.1 
more accura te  than t h e  cloudy cases i n  t h e  upper t roposphere ( l a y e r s  7-13), 
n o t i c e a b l y  more accura te  i n  t h e  lower  troposphere, and e s p e c i a l l y  more 
accura te  f o r  t he  su r face  s k i n  temperature (TSKIN). Th is  agrees w i t h  i n t u i -  
t i o n  about t h e  e f f e c t  of c louds  on r e t r i e v a l s .  The sma l le r  e r r o r s  o f  t he  
36 ( o r  40)  c loudy cases compared t o  t h e  c l e a r  w i n t e r  cases can t h e r e f o r e  be 
asc r ibed  c o n f i d e n t l y  t o  an acc iden t  o f  t he  random s e l e c t i o n  process. 
r e t r o s p e c t ,  c loudy t e s t s  should have been based on a l a r g e r  sample and w i t h  
a d d i t i o n a l  a t t e n t i o n  t o  representa t iveness .  
The t a b l e  shows t h e  c l e a r  r e t r i e v a l s  t o  be s l i g h t l y  
I n  
A. Amount o f  c loud iness  
1. Leas t  c louds  (12 cases) C = 61-74% 
3 .  Most c louds  ( 10 cases C = 85-91% 
2. Average c louds  ( 14 cases C = 75-84% 
1. High: 9 l a y e r s  between 190-16 mb 
2. Middle: 7 l a y e r s  between 464-190 mb 
3. Low: 6 l a y e r s  between 1000-464 mb 
B. E l e v a t i o n  o f  v e r i f i c a t i o n  l a y e r s  
The 464-mb pressure  su r face  i s  near a h e i g h t  o f  6 km. Th is  was se lec ted  as 
a d i v i d i n g  l e v e l  because t h e  s imu la ted  c l o u d  tops  had one peak frequency o f  
occurrence a t  about 4-5 km and another a t  about 10-12 km ( c l o s e  t o  t h e  
190-mb l e v e l  1. 
Phys ica l  reasoning would l e a d  one t o  expec t  t h a t  r e t r i e v a l  e r r o r s  i n  
t h e  h i g h  l a y e r s  w i l l  be u n a f f e c t e d  by c louds, and t h a t  i n  t h e  midd le  and 
low l a y e r s ,  t h e  r e t r i e v a l  e r r o r s  w i l l  i nc rease w i th  i n c r e a s i n g  c loud iness .  
Table 8.2 sumnarizes t h e  r e s u i t s .  They show t h e  expected dependence on 
c loud iness  o n l y  i n  t h e  1000-464 mb l a y e r s .  O f  t h e  8 c loud iness  changes i n  
t h e  midd le  l a y e r ,  6 show e r r o r  decreasing w i t h  c loud iness ,  and 7 o f  t h e  8 
c loud iness  changes i n  t h e  upper l a y e r  a l s o  show decreasing e r r o r  w i t h  
i n c r e a s i n g  c loud iness ,  
c a l l y  more d i f f i c u l t  t o  r e t r i e v e  i n  t h e  12 l e a s t  c loudy cases than i n  t h e  
10 most c loudy cases. 
E v i d e n t l y  t h e  temperature s t r u c t u r e s  were i n t r i n s i -  
The major conc lus ion  t h a t  can be drawn f rom Table 8.2, however, i s  
t h a t  t h e  presence o f  c louds  has n o t  changed t h e  r e l a t i v e  rank ing  o f  i n s t r u -  
ments and o f  r e t r i e v a l  processes; AMTS outperforms HIRS,  and t h e  phys ica l  
r e t r i e v a l  process used by GLAS outperforms t h e  s t a t i s t i c a l  reg ress ion  proc- 
ess used by NESDIS. 
I n f o r m a t i o n  on t h e  degradat ion  o f  r e t r i e v a l  accuracy by c louds  i s  
r e s t r i c t e d  t o  the  phys i ca l  r e t r i e v a l  process on ly ,  and on ly  f rom t h e  9 cases 
r e p o r t e d  i n  Table 8.1 t h a t  were common t o  b o t h  c loudy and c l e a r  cases. 
smallness o f  t h e  sample s i z e  i s  i n d i c a t e d  by t h e  anomalous showing t h a t  i n  
these 9 cases, t h e  c l e a r  HIRS r e s u l t s  a r e  s l i g h t l y  b e t t e r  than t h e  c l e a r  
AMTS r e s u l t s  i n  t h e  bottom 6 l a y e r s .  Th is  i s  completely c o n t r a r y  t o  the  
The 
hJn fo r tuna te l y ,  t h e  s t a t i s t i c a l  r e t r i e v a l  tapes were destroyed be fo re  i t  
was recogn ized t h a t  t h i s  comparison was d e s i r a b l e .  
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f u l l  c l e a r  sample of 96 cases. Apar t  f rom t h i s  caveat, Table 8.1 suggests 
t h a t  t h e  s imu la ted  c louds  g e n e r a l l y  produced o n l y  a small  d e t e r i o r a t i o n  i n  
r e t r i e v a l  accuracy. 
Table 8.2 RMS temperature e r r o r s  i n  c loudy cases averaged over each o f  
t h ree  deep l a y e r s .  
Sys tem L s t  Clds Avq Clds Most Clds A1 1 "
(12)  (14)  (10)  ( 36 1 
HIRS + STAT 3.43 3.26 3.00 3.25 
LAYERS 14-22 (19 0-16 mb) 
H I R S  + PHYS 3.03 2.92 2.28 2.76 
AMTS + STAT 2.25 2.04 1.90 2.08 
AMTS + PHYS 1.89 1.94 1.61 1.82 
A l l  4 2.72 2.50 2.26 2.54 
HIRS + STAT 3.11 3.53 2.79 3.20 
HIRS + PHYS 3.02 3.04 1.85 2.69 
AMTS + STAT 2.66 2.28 1.76 2.29 
AMTS + PHYS 2.47 1.94 1.60 2.04 
A l l  4 2.83 2.77 2.05 2.59 
HIRS + STAT 1.71 1.82 1.65 
HIRS + PHYS 1.27 :::; 1.69 1.49 
AMTS + STAT 1.17 1.32 1.40 1.29 
AMTS + PHYS 0.95 1.01 1.12 1.15 
A l l  4 1.30 1.33 1.53 1.41 
LAYERS 7-13 (464-190 mb) 
LAYERS 1-6 (1000-464 mb) 
One minor p o i n t  o f  i n t e r e s t  i n  Table 8.2 i s  t h e  b e n e f i t  g iven  HIRS by  
I n  t h e  c l e a r  case t h i s  was t h e  one r e g i o n  where the  phys i ca l  method 
the  phys i ca l  r a t h e r  than s t a t i s t i c a l  r e t r i e v a l  method i n  t h e  l a y e r  190-16 
mb. 
f a i l e d  t o  improve upon t h e  s t a t i s t i c a l  method (See F i g u r e  6.1). Th i s  m igh t  
r e f l e c t  an a b i l i t y  o f  t h e  phys ica l  method f o r  s t r a t o s p h e r i c  r e t r i e v a l s  t o  
be " d i s t r a c t e d "  l e s s  by t ropospher ic  c louds than i s  t h e  s t a t i s t i c a l  
r e t r i e v a l  method. (Because o f  meteoro log ica l  c o r r e l a t i o n s ,  c l e a r  radiances 
from t ropospher i c  channels may be accepted as impor tan t  s t a t i s t i c a l  p red ic -  
t o r s  o f  s t r a t o s p h e r i c  temperatures, b u t  l e a d  t o  poor s t r a t o s p h e r i c  r e s u l t s  
when t ropospher i c  c louds  a re  present  t o  c o r r u p t  t h e  t ropospher ic  
radiances . ) 
7: 
9. CONCLUSION (D. Wark) 
The purpose o f  t h i s  study was t o  be a c o n t r o l l e d  s i m u l a t i o n  o f  compar- 
a t i v e  performance by an i n f r a r e d  s a t e l l  i t e -based  sounder hav ing h i g h  spec- 
t r a l  r e s o l u t i o n  and one hav ing medium s p e c t r a l  r e s o l u t i o n .  The inst ruments 
were the  proposed AMTS and t h e  c u r r e n t l y - o p e r a t i o n a l  HIRS-2, r e s p e c t i v e l y  . 
As t h e  s tudy progressed, des ign changes i n  t h e  AMTS i n t roduced  o t h e r  
f a c t o r s ,  i n c l u d i n g  an increase i n  t h e  number o f  s p e c t r a l  i n t e r v a l s  and i n  
t h e  s p a t i a l  r e s o l u t i o n .  Thus t h e  experiment became a comparison o f  two 
inst ruments hav ing several  d i f f e r e n c e s ,  and no at tempt  has been made t o  
i s o l a t e  t h e  e f f e c t s  o f  t h e  var ious f a c t o r s .  
designed t o  eva lua te  t h e  opt imal  s p e c t r a l  c h a r a c t e r i s t i c s  and s p a t i a l  
r e s o l u t i o n  o f  an i n f r a r e d  sounder. 
Nor was t h e  experiment 
An added aspect o f  t h e  study was t h e  use o f  d i f f e r e n t  r e t r i e v a l  
schemes by t h e  p a r t i c i p a n t s .  
performances by t h e  two inst ruments would be algori thm-dependent. 
t h i s  problem, each was t o  be subjected t o  bo th  r e t r i e v a l  schemes. 
i n i n g  r e s u l t s ,  one must examine n o t  o n l y  inst ruments b u t  a l s o  r e t r i e v a l  
techniques . 
However, t h e r e  was concern t h a t  t h e  r e l a t i v e  
T o  meet 
I n  exam- 
Before assessing the results form the study, a b r i e f  review i s  g iven 
o f  the  f a c t o r s  which d i s t i n g u i s h  t h e  two inst ruments and which c o n t r i b u t e  
t o  t h e  comparisons. 
9.1. Inst rumenta l  d i f f e r e n c e s  
9.1.1 Spectra l  r e s o l u t i o n  
For a s i n g l e  frequency, t h e  t ransmi t tance  o f  t h e  atmosphere i s  t h e  
exponent ia l  o f  t h e  nega t i ve  o p t i c a l  path, which i s  t h e  product  of an 
abso rp t i on  c o e f f i c i e n t  and t h e  mass o f  absorbing gas: 
where t h e  product  i s  understood t o  be t h e  i n t e g r a t e d  q u a n t i t y  f rom t h e  top  
o f  t h e  atmosphere t o  t h e  l e v e l  a t  which t h e  mass i s  m. 
mixed gas, m i s  p r o p o r t i o n a l  t o  atmospheric pressure,  so t ransmi t tance  
takes t h e  form t=exp( -a( p )p) .  
I f  t h e  s p e c t r a l  i n t e r v a l  o f  t h e  obse rva t i on  i s  con f i ned  t o  a r e g i o n  
between s p e c t r a l  l i n e s  i n  which c o r  a v a r i e s  l i t t l e  w i t h  wavelength, t h e  
t ransmi t tance  w i l l  c l o s e l y  resemble t h e  monochromatic case and w i l l  be o f  
the  form t=exp(-a 'p2) .  
broad as t o  encompass t h e  e n t i r e  r e g i o n  between s p e c t r a l  l i n e s ,  t h e  c o e f f i -  
c i e n t  c o r  a can vary by  o rde rs  o f  magnitude w i t h i n  t h e  s p e c t r a l  i n t e r v a l  
and t h e  mean t ransmi t tance  w i t h i n  t h a t  s p e c t r a l  i n t e r v a l  w i l l  be a more 
s low ly  changing f u n c t i o n  o f  a l t i t u d e .  
e s s e n t i a l  d i f f e r e n c e  i n  t h e  des ign o f  t h e  AMTS and t h e  HIRS-2. 
t=exp( -c(m)m), 
For  a u n i f o r m l y  
I f, on t h e  o t h e r  hand, t h e  s p e c t r a l  i n t e r v a l  i s  so 
These two cases represent  the  
F i g u r e  9.1.1 shows on t h e  l e f t  two curves rep resen t ing  t h e  d e r i v a t i v e  
o f  t ransmi t tance  w i t h  respec t  t o  t h e  l o g a r i t h m  o f  pressure f o r  the  two 
cases descr ibed above. 
l i n e s  c h a r a c t e r i s t i c  o f  t h e  abso rp t i on  bands o f  carbon d i o x i d e  and i s  aver-  
The f l a t t e r  curve i s  f o r  e q u a l l y  spaced spec t ra l  
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aged over  t h e  i n t e r v a l  o f  t h e  l i n e  spacing; t h e  sharper curve i s  f o r  t h e  
same t ransmi t tance  p a t t e r n ,  b u t  averaged over an i n t e r v a l  between t h e  l i n e s  
w i t h  a t r i a n g u l a r  weight  whose t o t a l  w i d t h  i s  one- four th  t h e  l i n e  spacing. 
The w id ths  a t  half-maximum o f  these two curves a re  7.8 and 11.7 km i n  a 
Standard Atmosphere, w i t h  about 69 percent  o f  each curve between those 
l i m i t s .  
o f  t h e  peak and t h e  enhancement o f  t h e  upper p o r t i o n  o f  t h e  f l a t t e r  curve, 
i n d i c a t i n g  t h a t  l e s s  o f  t h e  rad iance measured by the s a t e l l i t e  comes from 
the v i c i n i t y  o f  t h e  maximum and more from t h e  h i g h e r  atmosphere and i s  
t h e r e f o r e  l e s s  r e p r e s e n t a t i v e  o f  t h e  temperature a t  a p a r t i c u l a r  l e v e l .  
The d i f f e r e n c e  between these two curves i s  main ly  i n  the  d e p l e t i o n  
The e f f e c t  o f  t h e  sharper we igh t i ng  f u n c t i o n  i s  i l l u s t r a t e d  on t h e  
r i g h t  i n  F i g .  9.1.1. Radiances were computed f rom t h e  t r o p i c a l  p r o f i l e  
shown as the  d o t t e d  l i n e  and t h e  weights on t h e  l e f t  were s h i f t e d  up o r  
down i n  increments o f  1/4 o f  a decade i n  pressure; these were then con- 
v e r t e d  t o  rad iance temperatures and p l o t t e d  a t  t h e  mean l e v e l s  o f  o r i g i n ,  
shown as t h e  dashed and s o l i d  l i n e s  connect ing t h e  l a r g e  dots .  Radiance 
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F ig .  9.1.1. L e f t :  we igh t i ng  f u n c t i o n s  t y p i c a l  o f  HIRS-2 (dashed l i n e )  
and AMTS ( s o l i d  l i n e ) .  
radiance temperatures f o r  corresponding w e i g h t i n g  f u n c t i o n s  (dashed and 
s o l i d  l i n e s ,  resp. )  s h i f t e d  upward o r  downward i n  1/4 decade increments.  
I R igh t :  a t r o p i c a l  sounding ( d o t t e d  l i n e ) ;  and 
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temperatures g i v e n  by  t h e  s o l i d  l i n e ,  which represents  t h e  sharper we igh t -  
i n g  f u n c t i o n s ,  more n e a r l y  approximate t h e  shape and t h e  temperatures o f  
t h e  p r o f i l e ,  and i n  any r e t r i e v a l  scheme t h i s  i s  a b e n e f i t .  
9.1.2 Number o f  s p e c t r a l  i n t e r v a l s  
As t h e  number o f  s p e c t r a l  i n t e r v a l s  i s  increased, v e r t i c a l l y  ad jacent  
A t  t h e  extreme, radiances i n  ad jacent  i n t e r v a l s  d i f f e r  
B u t  t h e  number i s  r e a l l y  l i m i t e d  by t h e  
we igh t i ng  f u n c t i o n s  become more n e a r l y  t h e  same. That i s ,  they become more 
h i g h l y  c o r r e l a t e d .  
by l e s s  than t h e  no ise  o f  measurement and o n l y  t h e  s t a t i s t i c a l  advantage o f  
numbers o f  i n t e r v a l s  i s  achieved. 
degree t o  which radiances i n  a d d i t i o n a l  i n t e r v a l s  can be p r e d i c t e d  f rom a 
combinat ion o f  t h e  radiances i n  t h e  o t h e r  i n t e r v a l s .  This,  too, i s  l i m i t e d  
by t h e  no ise  o f  measurement. Weinreb and Crosby [8] have shown t h a t  f o r  
t he  HIRS-2 i ns t rumen t  t h e  number of  s p e c t r a l  i n t e r v a l s  i s  optimum and cou ld  
n o t  p r o f i t a b l y  be increased. 
Wi th  t h e  sharper w e i g h t i n g  f u n c t i o n s  o f  t he  AMTS t h e  in te r -channe l  
c o r r e l a t i o n s  a re  l e s s  than f o r  HIRS-2 and the  p r e d i c t a b i l i t y  o f  t h e  
rad iance i n  an a d d i t i o n a l  channel i s  lower.  Th is  leads  t o  the  b e n e f i c i a l  
use o f  a d d i t i o n a l  channels i n  rough ly  i n v e r s e  p r o p o r t i o n  t o  the  w id ths  of 
t he  w e i g h t i n g  f u n c t i o n s .  Fo r  AMTS t h i s  means t h a t  about 50 percent  more 
channels than t h e  H I R S - 2  can be used, and each i s  more e f f e c t i v e  i n  t h e  
r e t r i e v a l  process. 
9.1.3 S p a t i a l  r e s o l u t i o n  
To r e t r i e v e  temperature soundings f rom i n f r a r e d  measurements, t he  
e f f e c t s  o f  c louds must be accounted f o r  p r o p e r l y .  Th i s  i n v o l v e s  the  use of 
the  c o n t r a s t  between ad jacen t  p a r t l y  c loudy spots hav ing  d i f f e r e n t  degrees 
o f  c loud iness ,  o r ,  i n  t h e  u l t i m a t e  case, d e t e c t i n g  spots comple te ly  f r e e  of 
c louds. As t h e  s a t e l l i t e  i ns t rumen t  views sma l le r  areas t h e r e  i s  an 
inc reased l i k e l i h o o d  t h a t  t h e  c o n t r a s t  between spots w i l l  be heightened, o r  
t h a t  i t  w i l l  encompass a comple te ly  c l e a r  o r  a c loudy  c o n d i t i o n ;  t h a t  i s ,  
inc reased s p a t i a l  r e s o l u t i o n  w i l l  i nc rease  t h e  frequency o f  v iewing  areas 
w i t h  few o r  no clouds. Th is  w i l l  l e a d  t o  inc reased numbers o f  r e t r i e v a l s  
i n  f r o n t a l  and o t h e r  reg ions  o f  p a r t i c u l a r  meteoro log ica l  i n t e r e s t .  The 
d i f f e r e n t  s p a t i a l  r e s o l u t i o n s  o f  t h e  AMTS and t h e  HIRS-2 have t h e r e f o r e  l e d  
t o  d i f f e r e n t  y i e l d s  o f  soundings i n  t h i s  study u s i n g  t h e  NOAA a lgo r i t hm.  
9.2 Summary o f  r e s u l t s  
We have seen t h a t  t h e  sample cons is ted  o f  a dependent s e t  o f  1600 
soundings and an independent s e t  o f  384 soundings which a r e  the  b a s i s  of 
t he  t e s t  f o r  c l e a r  areas; and 46 soundings f o r  t h e  c loudy cases, d i v i d e d  
i n t o  a s e t  o f  s i x  f o r  system t e s t i n g  and a s e t  o f  40  as t h e  b a s i s  o f  t he  
t e s t  i n  c loudy areas. The s e t s  o f  1600 and s i x  were f r e e l y  a v a i l a b l e  t o  t h e  
p a r t i c i p a n t s ,  whereas t h e  s e t s  o f  384 and 40 soundings were w i thhe ld .  
on t h e  behav io r  o f  r e t r i e v a l s  r e l a t i v e  t o  t h e  o r i g i n a l  
ed (chapters  6 and 8 ) .  
Only 
p r o f  
t h e  s t a t i s t i c s  
l e s  were revea 
Fo r  the  c loudy  p o r t i o n  o f  t h e  t e s t ,  t h e  scenes which were considered 
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t o  be too cloudy for  producing effect ive retr ievals  could be bypassed, as 
i s  done i n  the normal operation f o r  the HIRS-2. Dur ing  the f i n a l  computa- 
t i ona l  phase of the t e s t ,  four cloudy cases fa i led  the HIRS-2 t e s t s  for  
c lear  radiances and were rejected. 
four soundings were also omitted from the AMTS s t a t i s t i c s .  
case the analysis of AMTS data exposed a c lear  spot i n  the cloudy t e s t ,  so  
the process of "de-clouding" was bypassed. 
influence of spatial  resolution i n  the instruments and emphasize i t s  
importance. 
instruments. 
To give the resul ts  more meaning, those 
In one other 
These five cases reveal the 
The NASA chose t o  process clouds f o r  a l l  40 cases fo r  both 
Before assessing the final resu l t s ,  one other factor must be con- 
sidered. 
ments, the MSU and the SSU, which provide measurements t o  aid i n  the 
"de-cl ouding" process and t o  improve the retr ievals  near the tropopause 
and i n  the stratosphere. Therefore, the resul ts  of this study do not 
necessarily represent the capabi l i t ies  of the HIRS-2 when used i n  combina- 
t i o n  w i t h  the other two instruments. In the stratosphere, particularly,  
the advantage of the more numerous AMTS channels i s  c lear .  
assessment of the stratospheric accuracy would have resulted from the 
incorporation of the three SSU channels encompassing the region of 2-30 mb. 
The TOVS system on the NOAA s a t e l l i t e s  includes two other instru- 
A proper 
The tropospheric resul ts  more closely r e f l ec t  the operational perform- 
ance of the HIRS-2. As suggested e a r l i e r ,  the sharper weighting functions 
of the AMTS and the effectiveness of more channels i n  the retrieval process 
lead to  substantially be t te r  resul ts  i n  th i s  portion of the atmosphere. 
A question tha t  remains i s  the degree t o  which each of these factors con- 
tributes t o  these results. Unfortunately, the study of Weinreb and Crosby 
d i d  n o t  include weighting functions similar t o  those for  the AMTS, so i t  i s  
d i f f i cu l t  t o  gauge the relat ive influences of the two factors .  Certainly 
the present study d i d  l i t t l e  t o  shed l i g h t  on this question because the 
number of channels was not varied. So we may say only t h a t  the combination 
of sharper weighting functions and more channels provides a more effective 
design c r i te r ion ,  and more channels w i t h  narrower weighting functions must 
lead to  be t te r  overall soundings. T h i s  i s  w h a t  the results of the s t u d y  
show. 
The reader who wishes only to  see the f i n a l  resul ts  of t h i s  study 
should examine Table  6.1, w h i c h  i s  shown pictor ia l ly  i n  Figure 6 .1 ,  f o r  the 
clear  cases, and Table 8 .2  for the cloudy cases. Figure 9.2 summarizes the 
resul ts  of the cloudy cases based on Appendix C .  Table 8.1 i s  
an important adjunct t o  Table 8.2 fo r  reasons ci ted by the author of 
Chapter 8. 
I f  we confine the region of in te res t  t o  the troposphere (100-1000 mb) 
we see that  for  c lear  cases the AMTS has a s l ight ly  lower bias (0.23 versus 
0.46 C ) ,  and a significantly be t te r  RMS difference (1.51 versus 2.07 C ) .  
Hcwever, th i s  i s  tempered by the closer agreement i n  the range 400-800 mb, 
and much of the HIRS-2 resu l t  comes from the absence of the supportive 
microwave measurements normally employed i n  the operational re t r ieva ls ;  
this e f f ec t  i s  f e l t  not only a t  100 mb, where the microwave d a t a  are par- 
t i cu la r ly  useful, b u t  also near 200 mb where the HIRS-2 has no channel 
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5.0 
TEMP ERRORS ('C) 
Figure 9.2 V e r t i c a l  d i s t r i b u t i o n  o f  rms r e t r i e v a l  e r r o r  f o r  the cloudy 
cases. Values are p l o t t e d  a t  the  mean log ( p )  f o r  each l a y e r .  
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equ iva len t  t o  t h e  microwave o r  t h e  AMTS. Nevertheless,  p a r t  o f  the  AMTS 
s u p e r i o r i t y  a t  those l e v e l s  may be a t t r i b u t e d  t o  the  sharper we igh t i ng  
func t i ons  and i t  i s  un fo r tuna te  t h a t  t he  present  t e s t  cannot g i v e  a good 
q u a n t i t a t i v e  es t imate  t o  t h a t  i n f l uence .  I n  the  middle troposphere, where 
the  lapse r a t e s  tend t o  be more cons tan t  than elsewhere, the  HIRS-2 
approaches i n  q u a l i t y  t he  AMTS because sharpness o f  we igh t i ng  f u n c t i o n s  
bears l e s s  r e l a t i o n  t o  a r e t r i e v a l ' s  q u a l i t y  under those cond i t i ons .  A 
s l i g h t  inc rease i n  the  AMTS advantage i s  seen near the  sur face,  where lapse 
r a t e s  aga in  become more d iverse .  
The t e s t  p rov ided s t a t i s t i c s  f o r  r e t r i e v e d  sur face  s k i n  temperature as 
w e l l .  Th is  i s  n o t  a NOAA opera t i ona l  p roduc t  f rom the  HIRS-2, b u t  i t  i s  
produced by t h e  NASA. Appendix A o f  Chapter 6 i n d i c a t e s  t h a t  t he  AMTS phy- 
s i c a l  r e t r i e v a l s  gave t h i s  temperature w i t h  an accuracy o f  0.28 C, compared 
w i t h  0.78 C f o r  t he  HIRS-2. This  i s  t he  r e s u l t  o f  t h e  c leaner  windows and 
the  added 1 ower-troposphere channel s o f  the  AMTS. 
The c loudy r e s u l t s  should be seen n o t  on l y  as a t e s t  o f  we igh t i ng  
func t i ons ,  b u t  a1 so o f  s p a t i a l  r e s o l u t i o n .  Only d i f f e r e n c e s  between the  
two ins t ruments  should be considered f o r  reasons c i t e d  i n  Chapter 8. I n  
the  l a y e r  464-190 mb t h e  AMTS shows an o v e r a l l  s u p e r i o r i t y  o f  0.62 C (2.32 
versus 2.94 C), b u t  i n  the  l a y e r  1000-464 mb t h i s  i s  reduced t o  0.35 C 
(1.22 versus 1.57 C). S i m i l a r  r e s u l t s  a r e  found i n  the  n i n e  spec ia l  cases 
o f  Table 8.1, where the  degradat ion in t roduced by c louds i s  l e s s  f o r  t he  
AMTS . 
Overa l l ,  t he  AMTS s u f f e r s  l e s s  than the  HIRS-2 f rom t h e  i n t r o d u c t i o n  
o f  c louds by about 0.3 C, as shown i n  Table 8.1. From F i g u r e  6.1 the  AMTS 
i s  b e t t e r  by about 0.24 C i n  t h e  l a y e r  1000-464 mb, w h i l e  i n  Table 8.2 the  
amount i s  0.35 C .  S i m i l a r l y ,  i n  the  464-190 mb l a y e r  the  comparable quan- 
t i t i e s  a r e  0.48 C and 0.62 C, r e s p e c t i v e l y ,  l e a d i n g  t o  an i m p l i e d  improve- 
ment o f  about 0.1 C. The conc lus ion  i s  t h a t  t he  b e t t e r  s p a t i a l  r e s o l u t i o n  
o f  the  AMTS, under the  c o n d i t i o n s  o f  t h i s  study, improved c loudy r e t r i e v a l s  
by 0.1-0.3 C. 
We have n o t  seen i n  t h i s  s tudy what would occur i f  on ly  the  f i r s t  
goal, examining the  consequence o f  us ing  narrower we igh t i ng  func t i ons ,  had 
been t h e  s o l e  focus.  Instead,  one must read the r e s u l t s  w i t h  g r e a t  ca re  t o  
d i s t i n g u i s h  i n f l uences  o f  we igh t i ng  func t i ons ,  number and pressure range of 
the  channel s ,  and the  s p a t i a l  r e s o l  u t i o n .  
Therefore, what a re  the  lessons we have learned? 
1. 
spec t ra l  r e s o l u t i o n  t o  achieve sharper we igh t ing  func t i ons .  That 
i ns t rumen t  need n o t  be i d e n t i c a l  w i t h  the  cur ren t ly -des igned AMTS, b u t  
should be based on some o f  the  same conceptual cons idera t ions .  
2. The number o f  channels i n  an i n f r a r e d  ins t rument  w i t h  h i g h  
spec t ra l  r e s o l u t i o n  should be g rea te r  than the  number used i n  an 
ins t rument  o f  medium s p e c t r a l  r e s o l u t i o n .  The optimum number o f  chan- 
ne l s  a t  e i t h e r  r e s o l u t i o n  has n o t  been es tab l i shed  by t h i s  s tudy.  
A f u t u r e  i n f r a r e d  sounding ins t rument  should employ g r e a t e r  
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3 .  Meteoro log i ca l  requirements f o r  accuracies o f  one degree Ce ls ius  
have been approached b u t  n o t  me t  by t h e  inc rease o f  s p e c t r a l  
r e s o l u t i o n  and t h e  number o f  channels. 
sounding i ns t rumen t  hav ing  more channels than t h e  AMTS may be 
requ i red .  
Th is  suggests t h a t  an i n f r a r e d  
4 .  
i n f r a r e d  ins t rument .  
S p a t i a l  r e s o l u t i o n  i s  an impor tan t  f a c t o r  i n  t h e  design o f  
Every e f f o r t  should be made t o  maximize 
5 .  Although microwave ins t ruments  were n o t  cons idered i n  t h i s  
p a s t  exper ience and p r a c t i c e  have shown t h a t  a combinat ion o f  
and microwave measurements i s  v i t a l  t o  a sounding system, w i t h  




n f  r a r e d  
the  
As we e n t e r  t he  p lann ing  stage f o r  a successor t o  the  H I R S - 2 ,  these 
g u i d e l i n e s  should be f a c t o r s  i n  i t s  design, and t h e  b e n e f i t  o f  t h i s  study 
w i t h  a l l  i t s  f laws,  w i l l  be f e l t .  Even though t h i s  s tudy  had the  l i m i t e d  
o b j e c t i v e  o f  comparing t h e  performance o f  two s e t s  o f  ins t rumenta l  s p e c i f i -  
c a t i o n s  r a t h e r  than a t tempt ing  t o  d e f i n e  an optimum s e t  o f  s p e c i f i c a t i o n s ,  
i t  produced very r e v e a l i n g  r e s u l t s  i n  showing t h e  combined b e n e f i t s  o f  
inc reased s p e c t r a l  and s p a t i a l  r e s o l u t i o n s .  F u r t h e r  s tud ies  w i l l  be needed 
t o  s e t  t h e  s p e c i f i c a t i o n s  f o r  f u t u r e  cpe ra t i ona l  f l i g h t  programs. 
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Appendix A. Tape p ro toco l  and fo rma t  f o r  t h e  AMTS/HIRS t e s t .  
Seven types o f  tapes were i n v o l v e d  i n  t h e  t e s t .  However, t h e  reader  
o f  t h i s  document w i l l  have no a p p l i c a t i o n  f o r  most o f  these, as they a re  i n  
many ways unique t o  the  p a r t i c u l a r  t e s t  descr ibed here. The tapes which 
a re  g e n e r a l l y  thought  t o  be o f  i n t e r e s t  are conta ined i n  those p o r t i o n s  of 
types 1 and 4 which have been made known t o  a l l  p a r t i c i p a n t s  o f  t h e  t e s t .  
Fo r  o t h e r  tapes, i n q u i r i e s  should be made through the  o r i g i n a t o r s  o f  t h e  
tapes, as revea led  i n  t h i s  appendix. 
The types o f  tapes generated d u r i n g  the  t e s t  are:  
1. 
P h i l l i p s .  Two " c o l o c a t i o n "  se ts  ( w i n t e r  and summer) were prov ided t o  
a l l  p a r t i c i p a n t s  i n  the  t e s t .  Two ' ' t es t "  sets ,  taken from radiosondes 
1-2 weeks l a t e r  tha i i  the  c o l o c a t i o n  se ts  were p rov ided  t o  Goldman and 
were w i t h h e l d  f rom o t h e r  p a r t i c i p a n t s  ( 8  tapes p l u s  4 k e p t  by 
P h i l  1 i p s )  . 
O r i g i n a l  tempera tures,  moi s tu re ,  and ozone prof  i 1 es prepared by 
2. 
t h e  c o l o c a t i o n  and t e s t  data se ts  and were prov ided t o  Susskind and 
M c M i l l i n  ( 4  x 2 x 2 = 16 tapes).  
Clear  radiances f o r  each ins t rumen t  were prepared by Goldman from 
3. 
( 2  x 2 )  and M c M i l l i n  ( 2  x 2 )  t o  P h i l l i p s  ( v i a  A. Desmarais a t  NMC so 
t h a t  Phi  11 i p s  I eval  u a t i  on coul  d be unbiased) ( 8  tapes) .  
Re t r i eved  temperatures f rom the  t e s t  se ts  were sent  by Susskind 
Fo r  c loudy t e s t s :  
4. O r i g i n a l  temperature, mois ture,  and ozone f o r  16 columns i n  each 
o f  46 scan a r rays  prepared by P h i l l i p s  and sen t  t o  Goldman. These 
were cons t ruc ted  from the  w i n t e r  30N-60N p o r t i o n  o f  t h e  radiosonde 
base o f  1-2 weeks t h a t  was used i n  t h e  w i n t e r  c l e a r  column t e s t  s e t .  
Abbreviated tapes c o n t a i n i n g  t h e  o r i g i n a l  p r o f i l e s  from t h e  f i r s t  s i x  
a r rays  were sen t  t o  Susskind and McMi l l i n ;  t h e  l a s t  40 a r r a y s  were n o t  
sen t  t o  them ( 3  tapes) .  
5. Radiances f o r  each ins t rumen t  and w i t h  black-body clouds a t  a 
sequence o f  l e v e l s  was sent  t o  Crone by Goldman ( 2  tapes, one f o r  
each ins t rumen t )  . 
6. Crone combined t h e  data f rom the  type 5 tapes f o r  each a r r a y  
s e l e c t i v e l y  accord ing t o  h i s  c loud  models, g i v i n g  46 a r rays  o f  c loudy 
spo t  radiances. These were sen t  t o  Susskind and M c M i m 2  apiece) .  
7. 
P h i l l i p s  ( v i a  Desmarais) by S u s i n d  and M c M i l l i n  ( 4  tapes 
a1 t o g e t h e r ) .  
Re t r i eved  temperatures a t  one l o c a t i o n  i n  each a r r a y  were sent  t o  
1. General tape s t r u c t u r e  
Al though a v a r i e t y  o f  computers were i nvo l ved ,  t h e  f o l l o w i n g  bas ic  
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tape convent ions were f o l  lowed: 
a. A l l  tapes a r e  9 t r a c k ,  1600 b p i ,  odd p a r i t y ,  and EBCDIC. 
b. There a re  no system generated tape l a b e l s .  
c. A l l  records on a tape a re  of t h e  same leng th ,  a1 though t h e  reco rd  
l e n g t h  w i l l  change from one tape t ype  t o  another.  
d. BLOCK S I Z E  i s  always the  same as t h e  reco rd  l eng th .  
e. The f i r s t  r e c o r d  i s  always an i d e n t i f i c a t i o n  r e c o r d  f o r  t h a t  tape 
as a whole. 
f. A l l  data ( i n c l u d i n g  code i n t e g e r s  i n  t h e  i d e n t i f ' c a t i o n  reco rd )  
are s igned i n t e g e r s  t h a t  a re  l e s s  than 32767 =215-11 in magnitude. 
They a r e  w r i t t e n  and read undm-f-ormat c o n t r o l  "16" f o r  each word. 
g. 
the  tape t y p e )  are d e f i n e d  by t h e  o r i g i n a t o r s  i d e n t i f i e d  i n  t h e  n e x t  
sec t i on .  
Codes f o r  data records (and thereby t h e  un i fo rm r e c o r d  l e n g t h  f o r  
h. M iss ing  data (e.g., i n  an i d e n t i f i c a t i o n  o f  data reco rd )  i s  
w r i t t e n  as t h e  negat ive i n t e g e r  -32767. 
I d e n t i f i c a t i o n  r e c o r d  (genera l )  f o r  each tape 2. 
The number o f  meaningful coded i n f o r m a t i o n  i n t e g e r s  i n  t h i s  reco rd  i s  
i n v a r i a b l y  l e s s  than t h a t  o f  a data reco rd  on t h a t  tape. Therefore the  
l a s t  group o f  i n t e g e r s  i n  t h i s  reco rd  w i l l  each be -32767 ( i . e . ,  coded as 
m iss ing )  i n  o rde r  t h a t  t h i s  reco rd  be the same l e n g t h  as the  f o l l o w i n g  data 
records.  
The f i r s t  words i n  a tape i d e n t i f i c a t i o n  reco rd  are:  
Word 1 
Word 2 
O r i g i n a t o r  Code 
1 - P h i l l i p s  ( tape types 1 and 4 )  
2 = Goldman ( tape  types 2 and 5)  
3 = Crone ( tape  type 6 )  
4 and 5 = Susskind and M c M i l l i n ,  numbers assigned by 
A. Desmarais and n o t  t o l d  t o  P h i l l i p s .  
Inst rument  Type 
Tape types 1 and 4. I r r e l e v a n t ,  t h e r e f o r e  -32767. 
Tape types 2,3,5,6,7. The i n t e g e r s  1 and 2 denote each o f  
t h e  two inst ruments.  The assignments were made by agreement 
between M c M i l l i n  and Susskind and were communicated o n l y  t o  
Goldman and Crone; P h i l l i p s  and Desmarais d i d  n o t  know these 
assignments. 
Note t h a t  between them, words 1 and 2, when c a r r i e d  through 







distinguish between retrieval methods (the statistical 
retrieval being done by McMillin and the physical inversion 
by Susskind) represented in word 1 and the instrument type 
recorded in word 2. Phillips was able t o  organize his 
evaluation of retrieval accuracy by the four pairs of coded 
integers (4,1), (4,2), (5,1), and (5,2) without knowing the 
meaning o f  these coup1 ets . Their interpretation became 
common knowledge only after Phillips had written his f ina l  
evaluation of the type 7 tapes. 
Data Period and Class Indicator 
For tape types 1-3 (clear column): 
1 = Winter colocation set  
2 = Summer colocation set  
3 = Winter test  set  
4 = Summer test set 
For tape types 4-7 (c loudy) :  
5 = Cloudy test  set (winter only 30N-58N) 
Number of - d a t a  records t h a t  follow the identification record 
on t a p e  
N = Number of words i n  each record on tape 
Tape originators private code or -32767 
Missing (-32767) or as defined by the originator for the next 
user of the tape. 
3 .  
temperature, moisture, and ozone profiles. 
The tape identification record i s  as follows: 
Format and code for tape types 1 and 4. These are the " i n p u t "  tapes of 
The record length i s  220 words. 
Meaning Tape Type 1 Tape Type 4 
Word 1 Originator 1 1 
Word 3 Data period 1,2,3, or 4 5 
Word 5 Length of record 220 22 0 
Word 2 Instrument type -32767 -32767 
Word 4 Number o f  d a t a  (800 col ocat i  on sets ) 736 Goldman 
records 192 ( tes t  sets)  96 (NASA & NESDIS ) 
(words) 
In the clear column tapes 91) the f i r s t  400 da ta  records of the colocation 
set  i s  for latitude belt 30S-30N, and the las t  400 are for latitude b e l t  
30N-58N. 
30S-30N, and the l as t  96 are for 30N-58N. 
one tape, w i t h  736 (or 96) da ta  records. 
I n  the clear column test  sets, the f i r s t  96 records are for 
In the cloudy case there i s  only 
Each d a t a  record contains information a b o u t  one column (or profile). The 
f i r s t  20 words of each 220-word da ta  record contains identifying informa- 
t i o n  for t h a t  column (these 20 words are copied in each corresponding data  
84 
record on successive types of tapes generated by Goldman, Crone, McMillin, 
and Susskind ,  w i t h  the exception of Crone, who was permitted to  a l t e r  words 










Prof i le  ident i f icat ion number one. In the clear  column t e s t  
this number i s  the integer 1000 x Data Period + n ( n = l ,  ..., 
800 or 192) .  
array n = l ,  . . . ,46. 
Prof i le  ident i f icat ion number two. In the c lear  column t e s t  
this i s  i r re levant  (-32767). In the cloudy case i t  i s  suc- 
cess i vely 1,. . . ,16, denot ing the 16 col umns of temperature, 
moisture, and ozone necessary to  define the ' 'clear 
conditions" over one t e s t  array. 
0 fo r  oceanic; 1 for  continental 
Latitude rounded t o  nearest even number o f  degrees (-30 to  
58). 
Local time i n  hours ( 0  through 23). 
is a r t i f i c i a l l y  set t o  0. 
lo4  time the sine of the solar  elevation angle. 
cloudy case th i s  i s  a r t i f i c i a l l y  s e t  to  -10000 ( n i g h t )  for  
a1 1 prof i les .  
Local zenith angle i n  0.1 degrees ( 0  = ver t ica l ) .  
Ground temperature i n  units of 0.1 K. 
N = number of pressure levels a t  which data are reported. 
I n  the cloudy case th i s  number defines the 
In the cloudy case this 
I n  the 
Words 10-20 Private code for  P h i l l i p s .  
The s t ructure  of words 21-220 is  as follows: 
Word 21 P ( = l O O O O )  = f i r s t  pressure level i n  0.1 millibars 
Word 22 T = temperature i n  0.1 K a t  this  level 
Word 23 q = specific humidity a t  t h i s  level i n  units of 
Word 24 03 = ozone a t  th i s  level i n  units of molecules per 
grams o f  water vapor per 106 grams of moist a i r .  
cubic centimeter, multiplied by 
Words 25 t o  28 Same information for  the second da ta  level .  
Words 17+4n to  20+4n Same information for  level n .  
Words 17+4N t o  20+4N Same information for the las t  level ,  N .  
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Words 21+4N t o  220 Missing (-32767) 
The l a s t  l e v e l  i s  a t  0.1 m i l l i b a r .  
missing (-32767) i f  p i s  l e s s  than 200 mb. 
l e v e l s .  
S p e c i f i c  humidity i s  reported as 
Ozone i s  reported a t  a l l  
There i s  a maximum o f  50 data l e v e l s  f o r  each column. 
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Appendix B - Detailed comparisons w i t h  "Correct" temperatures. 
Numbers i n parentheses i denti fy i nstruments , retrieval processes and d a t a  s e t s .  
C1 ear cases 
Instrument Retrieval Process 
--
HIRS ( 1 )  Sta t i s t i ca l  ( 4 )  
HIRS ( 1 )  Sta t i s t i ca l  ( 4 )  
HIRS ( 1 )  Sta t i s t i ca l  ( 4 )  
HIRS ( 1 )  Sta t i s t i ca l  ( 4 )  
HIRS ( 1 )  Sta t i s t i ca l  ( 4 )  
HIRS (1) Physical (5 )  
HIRS ( 1 )  Physical (5 )  
HIRS ( 1 )  Physical ( 5 )  
HIRS ( 1 )  Physical ( 5 )  
HIRS ( 1 )  Physical ( 5 )  
AMTS ( 2) Sta t i s t i ca l  ( 4 )  
AMTS ( 2 )  S t a t i s t i ca l  ( 4 )  
AMTS ( 2 )  Sta t i s t i ca l  ( 4 )  
AMTS ( 2 )  Sta t i s t i ca l  ( 4 )  
AMTS ( 2 )  S t a t i s t i ca l  ( 4 )  
AMTS ( 2 )  Physical ( 5 )  
AMTS ( 2 )  Physical ( 5 )  
AMTS ( 2 )  Physical (5)  
AMTS ( 2 )  Physical ( 5 )  
AMTS ( 2 )  Physical (5 )  
Data Set 
Jan. '79 ( 3 )  
Jan. '79 ( 3 )  
June '79 ( 4 )  
June '79 (4) 
Jan. '79 


















'79 ( 3 ) -  
'79 ( 3 )  
'79 ( 4 )  
'79 ( 4 )  
' 79 
se ( 3 ' )  
'79 ( 3 )  
'79 ( 3 )  
'79 ( 4 )  
'79 ( 4 )  
' 79 
se ( 3 ' )  
'79 ( 3 )  
'79 ( 3 )  
'79 ( 4 )  
'79 ( 4 )  
' 79 
+ noise ( 3 ' )  
Cloudy cases 
I n s t r u m e n t  Retr i eva l  Process  
HIRS ( 1 )  Sta t i s t i ca l  ( 4 )  
HIRS ( 1 )  Physical ( 5 )  
AMTS ( 2 )  Sta t i s t i ca l  (4) 
AMTS ( 2 )  Physical (5 )  
Data S e t  











30s - 28 N 
30N- 58N 
3 OS - 28 N 
30N - 58N 
30N - 58 N 
30s-28N 
30N-58N 
30s - 28N 
30N- 58N 
30N-58N 
































INSTMNT 1 PROCESS 4 DATA SET 3 
L A T  B R T  -30- 28 OCEANS O N Y  
48 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P. 25- 16 -0.82 3.61 187.08 185.77 1.00 64.86 
LYR 21 P. 40- 25 0.00 2.67 136.50 143.77 1.06 68.65 
LYR 20 P= 63- 40 0.41 1.89 63.87 68.98 1.08 75.69 
L Y R  19 P= 100- 63 0.07 3.82 38.63 19.23 0.50 69.44 
LYR 18 P- 114-100 -0.25 3.22 30.88 14.37 0.47 37.61 
LYR 17 P- 129-114 -0.14 2.42 22.58 14.05 0.63 34.13 
LYR 16 P= 147-129 -0.24 2.36 16.26 9.71 0.60 30.84 
LYR 15 P= 167-147 -0.32 2.13 10.11 6.36 0.63 28.22 
LYE 14 P. 190-167 -0.28 1.82 5.84 4.28 0.74 26.37 
LYR 13 P- 215-190 -0.41 1.87 5.93 3.93 0.67 22.84 
LYR 12 P 245-215 -0.13 1.83 8.56 4.10 0.48 19.04 
LYR 11 P. 278-245 0.15 1.55 9.39 5.20 0.56 13.88 
LYR 10  P= 316-278 0.43 1.29 10.25 6.66 0.65 10.05 
LYR 9 P= 359-316 0.34 1.04 10.26 7.80 0.77 7.64 
LYR 8 P= 408-359 0.24 0.98 10.43 8.78 0.85 7.35 
LYR 7 P= 464-408 0.25 0.76 10.23 9.19 0.90 7.99 
LYR 6 P= 527-464 0.15 0.83 9.69 9.35 0.97 8.84 
LYR 5 P- 599-527 0.00 0.93 8.82 8.68 0.99 8.68 
LYR 4 P. 681-599 0.03 0.73 8.42 8.43 1.01 9.25 
LYR 3 P- 774-681 -0.32 0.98 11.21 9.13 0.82 9.83 
LYR 2 P- 880-774 -0.05 1.52 14.22 12.21 0.86 9.24 
LYR 1 P=1000-880 -0.08 1.43 14.08 12.62 0.90 5.34 
TSKIN -0.00 0.78 16.37 15.73 0.97 
STRATOSWERIC RMS= 3.09 WITH AVG VAR RATIO= 0.92 
TROPOSPHERIC RMS= 1.67 WITH AVG VAR RATIO= 0.76 
LAYER MN ERROR RMS TRU V A R  RET VAR RATIO RMS HT ERROR (METERS) 
LAYER 
LYR 22 P= 25- 16 
LYR 21 P= 40- 25 
LYR 20 P; 63- 40 
LYR 19 P= 100- 63 
L Y R  18 P= 114-100 
LYR 17 P= 129-114 
LYR 16 P- 147-129 
LYR 15 P; 167-147 
LYR 14 P= 190-167 
LYR 13 P= 215-190 
L Y R  12 P= 245-215 
LYR 11 P= 278-245 
LYR 10 P= 316-278 
LYR 9 P- 359-316 
LYR 8 P- 408-359 
LYR 7 P= 464-408 
LYR 6 P- 527-464 
LYR 5 P- 599-527 
LYR 4 P= 681-599 
LYR 3 P= 774-681 
LYR 2 P- 880-774 
LYR 1 P=1000-880 
T S K I N  
STR ATOSFW ER I C  RMS= 
TROPOSFWERIC RMS= 
I N S T M T  1 PROCESS 4 DATA SET 3 
L A T  B E L T  -30- 28 CONTINENTS ONLY 
48 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 












































































2.55 WITH AVG VAR RATIO= 
1.81 W I T H  AVG VAR R A T I e  















































4 DATA SET 3 
L A T  BELT -30- 28 BOTH CONTINENT AND OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
LAYER 
LYR 22 P- 25- 16 
LYR 21 P= 40- 25 
LYR 20 P= 63- 40 
LYR 19 P= 100- 63 
LYR 18 P- 114-100 
LYR 17 P; 129-114 
LYR 16 P= 147-129 
LYR 15 P= 167-147 
LYR 14 P; 190-167 
LYR 13 P; 215-190 
LYR 12 P= 245-215 
LYR 11 P= 278-245 
LYR 10 P= 316-278 
LYR 9 P= 359-316 
LYR 8 P= 408-359 
LYR 7 P= 464-408 
LYR 6 P= 527-464 
LYR 5 P- 599-527 
LYR 4 P- 681-599 
LYR 3 P= 774-681 
LYR 2 P- 880-774 




MN ERROR RMS TRU VAR 
0.02 3.14 188.06 
0.30 2.70 140.40 
0.28 1.85 64.39 
-0.38 3.41 32.52 
-0.48 2.96 23.65 
-0.26 2.19 16.61 
-0.30 2.32 12.59 
-0.17 2.33 8.22 
-0.02 2.09 5.47 
-0.06 2.01 6.54 
0.07 1.87 9.29 
0.08 1.66 10.92 
0.11 1.53 11.90 
0.11 1.27 11.46 
0.20 1.13 11.52 
0.15 0.99 11.76 
-0.01 0.90 11.09 
-0.05 0.92 10.81 
0.04 1.01 11.03 
-0.05 1.03 13.39 
-0.02 1.57 21.18 
-0.15 1.87 30.32 
0.12 0.91 52.30 
2.83 WITH AVG VAR RATICk 











































































INSTMNT 1 PROCESS 4 DATA SET 3 
L A T  BELT 30- 58 OCEANS O N Y  
48 RETRIEVED SNDGS ARE INCLUOEO I N  T H I S  TABLE 
LYR 22 P= 25- 16 -1.33 3.03 81.08 77.43 0.96 73.39 
LYR 2 1  P- 40- 25 -0.03 2.47 79.81 72.24 0.91 60.27 
LYR 20 P= 63- 40 0.51 2.05 71.35 58.97 0.83 54.16 
LYR 19 P 100- 63 0.52 2.75 60.24 44.17 0.74 48.98 
LYR 18  P; 114-100 -0.20 2.80 46.49 33.70 0.73 54.44 
LYR 17 P 129-114 -0.62 2.68 38.43 33.11 0.87 56.75 
LYR 16 P= 147-129 -1.06 2.72 32.07 32.57 1.02 55.96 
LYR 15 P= 167-147 -1.36 3.29 30.82 31.67 1.03 53.01 
LYR 14 P; 190-167 -1.12 3.97 40.19 31.32 0.78 47.78 
LYR 13 P; 215-190 -0.59 4.41 45.90 29.32 0.64 39.59 
LYR 12 P; 245-215 0.59 4.08 35.81 21.87 0.62 32.14 
LYR 11 P= 278-245 0.95 3.16 20.84 19.05 0.92 27.20 
LYR 10 P= 316-278 0.65 2.53 15.78 19.62 1.25 23.69 
LYR 9 P= 359-316 0.34 1.96 19.41 24.34 1.26 22.03 
LYR 8 P; 408-359 0.23 1.82 29.66 30.86 1.05 20.3 9 
LYR 7 P= 464-408 -0.11 1.63 36.72 35.98 0.98 17.94 
LYR 6 P= 527-464 -0.26 1.47 39.18 38.67 0.99 15.26 
LYR 5 P; 599-527 -0.16 1.43 43.13 37.64 0.88 13.33 
LYR 4 P= 681-599 0.07 1.48 40.39 34.48 0.86 11.97 
LYR 3 P 774-681 0.33 1.39 36.24 30.13 0.84 11 .oo 
LYR 2 P= 880-774 0.10 1.29 29.40 25.79 0.88 9.56 
LYR 1 P1000-880 -0.21 1.74 22.28 22.72 1.02 6.48 
T S K I N  0.42 0.63 30.41 30.78 1.02 
STRATOSFWERIC RMS= 2.60 WITH AVG VAR R A T I O .  0.86 
TROPOSWERIC RMS= 2.62 WITH AVG VAR RATIO= 0.93 
LAYER MN ERROR RMS TRU V A R  RET V A R  RATIO RMS HT ERROR (METERS) 
INSTMUT 1 PAOCESS 4 DATA SET 3 
L A T  BELT 30- 58 CONTINENTS ONLY 
48 RETRIEVED SNDGS ARE INCLUDE0 I N  T H I S  TABLE 
LAYER 
LYR 22 P- 25- 16 
LYR 21 P= 40- 25 
LYR 20 P= 63- 40 
LYR 19  P= 100- 63 
LYR 18 P= 114-100 
LYR 17 P= 129-114 
LYR 16 P= 147-129 
LYR 15 P= 167-147 
LYR 14 P= 190-167 
LYR 13 P= 215-190 
LYR 12 P 245-215 
LYR 11 P= 278-245 
LYR 10  p= 316-278 
LYR 9 P= 359-316 
LYR 8 P= 408-359 
LYR 7 P= 464-408 
LYR 6 P; 527-464 
LYR 5 P= 599-527 
LYR 4 P= 681-599 
LYR 3 P= 774-681 
LYR 2 P- 880-774 




MN ERROR RMS TRU VAR 
-1.76 4.38 86.74 
0.41 3.07 67.92 
1.24 2.63 54.40 
1.08 3.22 46.50 
0.01 2.44 39.25 
-0.42 2.51 36.82 
-0.89 2.59 35.66 
-1.14 2.96 39.85 
-0.88 3.39 42.82 
-0.78 3.83 42.25 
-0.11 3.60 33.21 
0.48 3.49 28.05 
0.65 3.18 29.03 
0.68 2.85 34.40 
0.63 2.28 42.80 
0.47 1.93 48.40 
0.20 1.67 47.38 
0.12 1.65 45.98 
-0.25 1.55 46.69 
-0.58 1.54 50.12 
-0.11 1.63 49.91 
-0.35 2.71 63.03 
1.21 1.52 129.75 
3.38 WITH AVG VAR RATIO= 










































































I N S T W T  1 PROCESS 4 DATA SET 3 
L A T  BELT 30- 58 BOTH CONTINENT AN0 OCEAN 
96 RETRIEVED SNDGS ARE INCLUDE0 I N  T H I S  TABLE 
LYR 22 P= 25- 16 -1.54 3.77 84.60 73.87 0.88 81.47 
LYR 21 P- 40- 25 0.19 2.78 75.82 66.01 0.88 77.46 
LYR 20 P= 63- 40 0.87 2.36 65.33 53.84 0.83 71.30 
LYR 19 P= 100- 63 0.80 2.99 55.24 42.59 0.78 60.93 
LYR 18 P; 114-100 -0.09 2.62 44.09 33.62 0.77 60.01 
LYR 17 P= 129-114 -0.52 2.60 38.78 32.32 0.84 61.27 
LYR 16 P= 147-129 -0.98 2.65 34.92 31.91 0.92 60.29 
LYR 15 P= 167-147 -1.25 3.13 36.21 30.44 0.85 57.58 
LYR 14 P- 190-167 -1.00 3.69 42.01 28.73 0.69 52.98 
LYR 13 P 215-190 -0.69 4.13 44.13 25.93 0.59 46.13 
LYR 12 P. 245-215 0.24 3.85 34.62 19.28 0.56 39.47 
LYR 11 P; 278-245 0.72 3.33 24.69 18.09 0.74 33.97 
LYR 10 P= 316-278 0.65 2.87 22.54 20.16 0.90 29.09 
LYR 9 P= 359-316 0.51 2.45 26.96 25.35 0.95 24.92 
LYR 8 P 408-359 0.43 2.07 36.26 31.79 0.88 21.62 
LYR 7 P= 464-408 0.18 1.79 42.56 36.77 0.87 18.91 
LYR 6 P= 527-464 -0.03 1.57 43.28 39.57 0.92 16.73 
L Y R  5 P= 599-527 -0.02 1.55 44.56 39.81 0.90 15.12 
LYR 4 P= 681-599 -0.09 1.52 43.59 38.87 0.90 13.83 
L Y R  3 P= 774-681 -0.13 1.46 43.30 37.83 0.88 12.78 
LYR 2 P- 880-774 -0.01 1.47 39.88 38.72 0.98 12.04 
LYR 1 P1000-880 -0.28 2.28 46.09 49.71 1.08 8.51 
TSKIN 0.82 1.17 96.99 86.05 0.89 
STRATOSWERIC RMS= 3.01 WITH AVG VAR RATIO= 0.84 
TROFUSWERIC RMS= 2.64 WITH AVG VAR RATIO= 0 335 
LAYER MN ERROR RMS TRU V A R  RET VAR RATIO RMS HT ERROR (METERS) 
89 
INSTMVT 1 PROCESS 4 DATA SET 4 
LAT BELT -30- 28 OCEANS ONLY 
56 RETRIEVED SNDGS ARE INCLUDED I N  THIS TABLE 
LYR 22 P 25- 16 0.04 1.95 8.96 4.77 0.54 48.62 
LYR 21 P 40- 25 0.57 1.34 4.28 2.97 0.70 59.08 
LYR 20 P= 63- 40 0.18 1.88 7.57 4.81 0.64 60.92 
LYR 19 P- 100- 63 -0.26 2.17 12.19 6.68 0.55 58.44 
LYR 18 P 114-100 -0.20 3.63 24.77 5.30 0.22 38.29 
LYR 17 P- 129-114 -0.59 2.78 17.79 5.39 0.31 29.51 
LYR 16 P= 147-129 -0.47 2.38 10.39 3.30 0.32 24.25 
LYR 15 P- 167-147 -0.37 2.27 6.53 1.99 0.31 20.11 
LYR 14 P 190-167 -0.18 1.82 4.32 1.99 0.47 17.95 
LYR 13 P= 215-190 -0.11 1.47 5.50 3.58 0.66 17 .OO 
LYR 12 P= 245-215 -0.07 1.22 8.44 5.90 0.70 15.57 
LYR 11 P 278-245 -0.03 1.32 12.89 8.64 0.68 l3 .77 
LYR 10 P= 316-278 0.08 1.36 16.48 11.04 0.67 11.88 
LYR 9 P- 359-316 0.09 1.20 16.99 12.05 0.71 10.32 
LYR 8 P 408-359 -0.01 1.02 15.37 12.77 0.84 9.57 
LYR 7 P- 464-408 0.05 0.89 13.40 12.41 0.93 9.54 
LYR 6 P= 527-464 0.10 0.91 11.33 11.07 0.98 9 2 4  
LYR 5 P- 599-527 0.17 0.91 10.90 9.77 0.90 9.22 
LYR 4 P- 681-599 0.10 0.77 11.17 9.88 0 .89 10.56 
LYR 3 P- 774-681 -0.19 0.92 12.77 12.82 1.01 11.69 
LYR 2 P- 880-774 -0.05 1.62 13.75 17.43 1.27 10.59 
LYR 1 P1000-880 -0.14 1.55 15.06 17.63 1.18 5.77 
TSKIN -0.40 0.92 26.18 21.81 0.84 
STRATOSFliERIC RMS= 1.86 WITH AVG VAR R A T I e  0.61 
TROpOSR1ERIC RMS= 1.72 WITH AVG VAR RATIO= 0.73 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
INSTENT 1 PROCESS 4 DATA SET 4 
LAT BELT -30- 28 CONTINENTS ONLY 
40 RETRIEVE0 SNDGS ARE I N a U O E D  I N  THIS TABLE 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
LYR 22 P 25- 16 -0.10 2.24 12.01 8.55 0.72 59.38 
LYR 21 P= 40- 25 0.36 1.67 8.69 5.95 0.69 63.02 
LYR 20 P 63- 40 0.29 2.12 13.69 8.38 0.62 57.81 
LYR 19 P 100- 63 0.21 2.60 21.66 10.57 0.49 51.52 
LYR 18 P= 114-100 -0.38 3.40 22.86 6.39 0.28 35.65 
LYR 17 P= 129-114 -0.75 2.99 14.62 4.71 0.33 29.90 
LYR 16 P 147-129 
LYR 15 P- 167-147 
LYR 14 P 190-167 
LYR 13 P= 215-190 
LYR 12 P= 245-215 
LYR 11 P= 278-245 
LYR 10 P; 316-278 
LYR 9 P 359-316 
LYR 8 P 408-359 
LYR 7 P= 464-408 
LYR 6 P 527-464 
LYR 5 P 599-527 
LYR 4 P- 681-599 
LYR 3 P= 774-681 
LYR 2 P 880-774 
LYR 1 P=1000-880 
TSKIN 
STRATOSRIERIC R E =  
TROPOSRlERIC R M S  
-1.04 2.58 9.49 
-0.70 2.01 7.43 
-0.06 1.43 10.25 
0.17 1.58 15.49 
0.39 1.66 19.90 
0.50 1.78 24.94 
0.45 1.63 28.03 
0.20 1.42 26.26 
0.08 1.26 23.50 
-0.03 1.05 19.79 
-0.09 1.04 15.71 
-0.28 1.32 11.05 
-0.01 1.31 13.21 
0.24 1.37 21.78 
-0.00 1.44 29.62 
-0.10 1.87 44.55 
-0.05 1.13 89.12 
2.18 WITH AVG VAR RATIO= 





















































I N S W T  1 PROCESS 4 DATA SET 4 
LAT BELT -30- 28 BOTH CONTINENT AVO OCEAN 
96 RETRIEVED SNDGS ARE I N a U E O  I N  THIS TABLE 
LYR 22 P- 25- 16 -0.02 2.07 11.17 7.20 0.65 53.37 
LYR 21 P 40- 25 0.48 1.48 6.94 4.85 0.70 60.75 
LYR 20 P= 63- 40 0.22 1.99 10.81 7.09 0.66 59.64 
LYR 19 P- 100- 63 -0.06 2.36 16.63 9.17 0.56 55.66 
LYR 18 P- 114-100 -0.27 3.54 24.90 6.52 0 2 7  37.21 
LYR 17 P= 129-114 -0.66 2.87 17.41 5.90 0.34 29.67 
LYR 16 P= 147-129 -0.71 2.47 11.34 4.41 0.39 24.82 
LYR 15 P= 167-147 -0.51 2.17 7.83 3.67 0.47 22.07 
LYR 14 P- 190-167 -0.13 1.67 7.20 4.25 0.60 21.07 
LYR 13 P- 215-190 0.01 1.52 9.90 6.30 0.64 19.36 
LYR 12 P- 245-215 0.12 1.42 13.33 8.90 0.67 17.04 
LYR 11 P= 278-245 0.19 1.53 17.97 11.76 0.66 14.51 
LYR 10 P= 316-278 0.23 1.48 21.34 14.03 0.66 12.36 
LYR 9 P= 359-316 0.14 1.30 20.93 14.76 0.71 10.88 
LYR 8 P- 408-359 0.03 1.13 18.82 15.38 0.82 10.36 
LYR 7 P= 464-408 0.02 0.96 16.13 14.54 0.91 10.50 
LYR 6 P= 527-464 0.02 0.97 13.22 12.58 0.96 10.42 
LYR 5 P; 599-527 -0.02 1.10 11.15 11.06 1 .oo 10.33 
LYR 4 P- 681-599 0.06 1.03 12.18 11.57 0.95 10.85 
LYR 3 P= 774-681 -0.01 1.13 16.64 16.09 0.97 11.61 
LYR 2 P- 880-774 -0.03 1.55 20.81 22.61 1.09 10.83 
LYR 1 P=1000-880 -0.12 1.69 28.15 28.24 1.01 6.29 
TSKIN -0.26 1.01 53.40 47.89 0.90 
STRATOSFliERIC RMS= 2.00 WITH AVG VAR RATIO= 0.65 
TROpOSRIERIC RMS= 1.77 WITH AVG VAR RATIO= 0.73 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
90 
I N S T W T  1 PROCESS 4 DATA SET 4 
L A T  BELT 30- 58 OCEANS O N Y  
48 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P 25- 16 0.17 1.36 7.07 6.41 0.91 54.12 
LYR 2 1  P 40- 25 0.27 1.66 9.73 6.50 0.67 46.87 
LYR 20 P= 63- 40 -0.05 1.30 12.54 10.59 0.85 45.19 
L Y R  19 P- 100- 63 -0.02 1.60 20.26 18.67 0.93 47.45 
LYR 18 P 114-100 -0.30 1.84 22.26 21.47 0.97 45.3 1 
LYR 17 P;; 129-114 -0.63 1.87 20.35 21.76 1.07 43.79 
LYR 16 P= 147-129 -0.64 2.39 20.31 20.60 1.02 41.66 
LYR 15 P 167-147 -0.17 3.11 23.16 18.16 0.79 37.56 
LYR 14 P 190-167 0.88 4.09 28.44 15.24 0.54 31.63 
LYR 13 P 215-190 1.35 4.29 27.05 12.88 0.48 25.49 
LYR 12 P 245-215 0.75 3.07 15.37 6.08 0.40 22.78 
LYR 11 P 278-245 -0.05 1.78 9.48 5.81 0.62 23.78 
LYR 10 P= 316-278 -0.27 1.82 10.93 8.98 0.83 23.30 
LYR 9 P= 359-316 -0.35 1.94 11.B 11-90 1 .oo 19.96 
LYR 8 P 408-359 -0.34 2.10 12.52 13.96 1.12 15.48 
LYR 7 P 464-408 -0.31 1.80 13.48 15.48 1.15 11.61 
LYR 6 P= 527-464 -0.11 1.48 16.47 16.42 1 .oo 10.73 
LYR 5 P 599-527 -0.07 1.32 17.08 16.99 1 .oo 10.84 
LYR 4 P 681-599 -0.17 1.01 18.74 19.27 1.03 12.38 
LYR 3 P 774-681 -0.27 1.09 26.97 23.18 0.86 u.33 
LYR 2 P 880-774 0.18 1.72 34.07 25.46 0.75 12.31 
L Y R  1 P1000-880 0.80 2.20 21.53 17.21 0 .80 8.20 
TSKIN 0.58 0.85 19.53 21.09 1.09 
STRATOSFHERIC R M S  1.48 WITH AVG VAR RATIO= 0.85 
TROPOSFHERIC RMS= 2.34 WITH AVG VAR RATIO= 0.86 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
LAYER 
LYR 22 P 25- 16 
LYR 21  P= 40- 25 
LYR 20 P 63- 40 
LYR 19 P= 100- 63 
LYR 18 P= 114-100 
LYR 17 P= 129-114 
LYR 16 P 147-129 
LYR 15 P 167-147 
LYR 14 P 190-167 
LYR 13 P= 215-190 
LYR 12 P 245-215 
LYR 11 P= 278-245 
LYR 10 P 316-278 
LYR 9 P 359-316 
LYR 8 P 408-359 
LYR 7 P= 464-408 
LYR 6 P 527-464 
LYR 5 P 599-527 
LYR 4 P= 681-599 
LYR 3 P= 774-681 
LYR 2 P= 880-774 
LYR 1 P=lOOO-880 
T S K I N  
STRATOSFHERIC RMS= 
TROPOSFHERIC RMS= 
I N S T W T  1 PROCESS 4 DATA SET 4 
L A T  B E L T  30- 58 CONTINENTS ONLY 
48 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
11 -00 
LAYER 
LYR 22 P 25- 16 
LYR 21  P 40- 25 
LYR 20 P= 63- 40 
LYR 19 P= 100- 63 
LYR 1 8  P 114-100 
LYR 17 P 129-114 
LYR 16 P= 147-129 
LYR 15 P 167-147 
LYR 14 P 190-167 
LYR 13 P 215-190 
LYR 12 P 245-215 
LYR 11 P 278-245 
LYR 10 P= 316-278 
LYR 9 P 359-316 
LYR 8 P= 408-359 
LYR 7 P 464-408 
LYR 6 P= 527-464 
LYR 5 P 599-527 
LYR 4 P 681-599 
L Y R  3 P= 774-681 
LYR 2 P 880-774 
L Y R  1 P1000-880 
TSKIN 
STRATOSFHERIC R M S  
TROPOSPHERIC RMS= 


































































0.78 1.11 84.69 
2.05 WITH AVG VAR RATIO= 






















































































0.91 44 .80 
0.88 49.13 
0 .80 54.98 
0.75 44.36 
0.85 40 -80 
I N S T W T  1 PROCESS . DATA SET 4 
L A T  BELT 30- 58 BOTH CONTINENT NO OCEAN 
96 RETRIEVED SNCGS ARE INCLUDED I N  M I S  TABLE 
RATIO RMS H T  ERROR (METERS) 
1.07 53 ..24 
0.80 45.85 
























































-0.05 1.14 26.17 
0.03 1.61 32.40 
0.16 2.32 30.12 
0.68 0.99 66.84 
1.79 WITH AVG VAR RATIO= 












INSTFNT 1 PROCESS 4 DATA SET 3 (+ NOISE) 
L A T  BELT -30- 28 OCEANS O N Y  
48 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P- 25- 16 -0.80 2.92 81.08 75.10 0.93 82.3 9 
LYR 21 P- 40- 25 0.12 2.54 79.81 69.58 0.88 75.38 
LYR 20 P 63- 40 0.53 2.20 71.35 58.90 0.83 72.37 
LYR 19 P 100- 63 0.55 3.06 60.24 44.95 0.75 63.16 
LYR 18 P- 114-100 -0.12 3.05 46.49 33.14 0.72 61.69 
LYR 17 P= 129-114 -0.57 3.00 38.43 32.46 0.85 62.55 
LYR 16 P= 147-129 -1.01 3.07 32.07 32.00 1 .oo 60.00 
LYR 15 P 167-147 -1.30 3.59 30.82 31.05 1.01 55.51 
LYR 14 P 190-167 -1.06 4.16 40.19 30.66 0.77 49.13 
LYR 13 P- 215-190 -0.52 4.50 45.90 28.79 0.63 40.34 
LYR 12 P- 245-215 0.63 4.07 35.81 21.06 0.59 32.75 
LYR 11 P 218-245 0.97 3.11 20.84 18.18 0.88 27.65 
LYR 10 P= 316-278 0.63 2.51 15.78 18.93 1.20 23 .eo 
LYR 9 P; 359-316 0.29 2.00 19.41 24.01 1.24 21.88 
LYR 8 P 408-359 0.18 1.85 29.66 30.70 1.04 20.17 
LYR 7 P 464-408 -0.13 1.60 36.72 35.91 0.98 18.06 
LYR 6 P= 527-464 -0.26 1.45 39.18 38.61 0.99 15.93 
L Y R  5 P= 599-527 -0.16 1.45 43.13 37.60 0.88 14.22 
LYR 4 P 681-599 0.07 1.51 40.39 34.47 0.86 12.76 
LYR 3 P- 774-681 0.34 1.43 36.24 30.15 0.84 11.75 
LYR 2 P; 880-774 0.12 1.37 29.40 25.73 0.88 10.10 
LYR 1 P1000-880 -0.19 1.81 22.28 22.87 1.03 6.76 
TSKIN 0.45 0.65 30.41 30.92 1.02 
STRATOSPHERIC RMS= 2.69 WITH AVG VAR RATIO= 0.85 
TROPOSFHERIC RMS= 2.73 WITH AVG VAR RATIO= 0.92 
LAYER MN ERROR RMS TRU V A R  RET VAR RATIO RMS HT ERROR (METERS) 
I N S T W T  1 PROCESS 4 DATA SET 3 (+ NOISE) 
L A T  BELT -30- 28 CONTINENTS ONLY 
48 RETRIEVED SNDGS ARE INCLUDED I N  M I S  TABLE 
LAYER 
LYR 22 P- 25- 16 
LYR 21 P= 40- 25 
LYR 20 P- 63- 40 
LYR 19 P 100- 63 
L Y A  18 F= 114-100 
LYR 17 P= 129-114 
LYR 16 P 147-129 
LYR 15 P- 167-147 
LYR 14 P- 190-167 
LYR 13 P= 215-190 
LYR 12 P 245-215 
LYR 11 P= 278-245 
LYR 10 P- 316-278 
LYR 9 P; 359-316 
LYR 8 P 408-359 
LYR 7 P= 464-408 
LYR 6 P; 527-464 
LYR 5 P 599-527 
LYR 4 P= 681-599 
LYR 3 P= 774-681 
LYR 2 P- 880-774 




MN ERROR RMS TRU VAR 
-1.53 4.22 86.74 
0.32 3.20 67.92 
1.24 2.74 54.40 
1.27 3.49 46.50 
0.20 2.83 39.25 
-0.40 3.06 36.82 
-0.87 3.16 35.66 
-1.08 3.43 39.85 
-0.77 3.86 42.82 
-0.61 4.30 42.25 
0.09 4.05 33.21 
0.64 3.83 28.05 
0.76 3.39 29.03 
0.72 2.98 34.40 
0.62 2.33 42.80 
0.42 1.91 48.40 
0.15 1.65 47.38 
0.06 1.63 45.98 
-0.33 1.55 46.69 
-0.64 1.51 50.12 
-0.18 1.70 49.91 
-0.37 2.81 63.13 
1.20 1.51 129.75 
3.45 WITH AVG VAR RATIO= 




















































LYR 22 P 25- 16 
LYR 21 P 40- 25 
LYR 20 P= 63- 40 
LYR 19 P- 100- 63 
LYR 18 P 114-100 
LYR 17 P= 129-114 
LYR 16 P= 147-129 
LYR 15 P 167-147 
LYR 14 P- 190-167 
LYR 13 P 215-190 
LYR 12 P; 245-215 
LYR 11 P= 278-245 
LYR 10 P= 316-278 
LYR 9 P= 359-316 
LYR 8 P- 408-359 
LYR 7 P- 464-408 
LYR 6 P= 527-464 
LYR 5 P; 599-527 
LYR 4 P- 681-599 
LYR 3 P 774-681 
LYR 2 P 880-774 




INSTFNT 1 PROCESS 4 DATA SET 3 (+ NOISE) 
L A T  BELT -30- 28 BOTH CONTINENT AND OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
-1.17 3.63 84.60 71.34 0 .85 98.82 
0.22 2.88 75.82 63.98 0.85 100.50 
0.88 2.48 65.33 
0.91 3.28 55.24 
0.03 2.94 44.09 
-0.46 3.03 38.78 
-0.94 3.12 34.92 
-1.19 3.51 36.21 
-0.91 4.01 42.01 
-0.56 4.40 44.13 
0.36 4.06 34.62 
0.81 3.49 24.69 
0.70 2.98 22.54 
0.51 2.54 26.96 
0.40 2.11 36.26 
0.15 1.76 42.56 
-0.06 1.55 43.28 
-0.05 1.55 44.56 
-0.13 1.53 43.59 
-0.15 1.47 43.30 
-0.03 1.54 39.88 
-0.28 2.36 46.19 
0.83 1.17 96.99 
3.09 WITH AVG VAR RATIO= 


































































INSTMVT 1 PROCESS 5 DATA SET 
LAT BELT -30- 28 OCEANS O N Y  
48 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS 
LYR 22 P 25- 16 0.44 2.53 187.08 165.66 0.89 
LYR 2 1  P 40- 25 1.09 2.33 136.50 134.86 0.99 
LYR 20 P= 63- 40 0.47 1.81 63.87 67.83 1.07 
LYR 19 P 100- 63 -0.91 2.49 38.63 30.46 0.79 
LYR 1 8  P 114-100 -1.44 2.74 30.88 24.65 0.80 
LYR 17 P 129-114 -0.95 2.63 22.58 17.39 0.78 
LYR 16 P= 147-129 -0.68 2,52 16.26 12.41 0.77 
LYR 15 P= 167-147 -0.71 2.28 10.11 7.91 0.79 
LYR 14 P 190-167 -0.71 1.74 5.84 5.80 1.00 
LYR 13 P- 215-190 -0.56 1.58 5.93 5.73 0.97 
LYR 12 P 245-215 -0.13 1.44 8.96 5.64 0.66 
LYR 11 P 278-245 0.25 1.42 9.39 6.13 0.66 
LYR 10 P 316-278 0.56 1.35 10.25 7.03 0.69 
LYR 9 P- 359-316 0.44 1.09 10.26 7.80 0.77 
LYR 8 P- 408-359 0.27 0.93 10.43 8.35 0.81 
LYR 7 P 464-408 0.15 0.78 10.23 8.25 0.81 
LYR 6 P- 527-464 -0.08 0.91 9.69 8.50 0.88 
LYR 5 P- 599-527 -0.04 0.95 8.82 8.52 0.97 
LYR 4 P 681-599 0.24 0.82 8.42 9.23 1.10 
LYR 3 P= 774-681 -0.12 0.99 11.21 9.39 0.84 
LYR 2 P 880-774 -0.05 1.53 14.22 10.77 0.76 
LYR 1 P l O O D - 8 8 0  0.43 1.24 14.08 l3.02 0.93 
TSKIN -0.51 0.95 16.37 15.85 0.97 
STRATOSPHERIC RMS= 2.30 WITH AVG VAR RATIO= 0.94 


























INSTINT 1 PROCESS 5 DATA SET 3 
LAT BELT -30- 28 CONTINENTS ONLY 
48 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 
LYR 22 P 25- 16 2.70 4.45 184.63 120.28 0.66 62.02 
LYR 21  P= 40- 25 0.04 2.43 141.32 151.69 1.08 97.04 
LYR 20 P- 63- 40 -0.60 2.34 64.78 81.82 1.27 83.36 
LYR 1 9  P 100- 63 -1.45 3.08 25.55 28.85 1.13 61.92 
LYR 18 P 114-100 -1.52 3.43 15.78 23.69 1.51 39.14 
LYR 17 P= 129-114 -1.28 2.66 9.83 15.25 1.56 32.74 
LYR 16 P- 147-129 -1.19 2.60 8.09 9.62 1.20 27.66 
LYR 15 P 167-147 -0.83 2.40 5.91 6.04 1.03 22.51 
LYR 14 P 190-167 -0.51 1.80 4.63 3.87 0.81 19.86 
LYR 13 P= 215-190 -0.16 1.51 6.95 4.79 0.69 18.74 
LYR 12 P 245-215 0.02 1.38 9.68 6.69 0.70 16.92 
LYR 11 P= 278-245 -0.05 1.39 11.69 9.47 0 .82 14.36 
LYR 10 P 316-278 -0.11 1.51 12.21 12.14 1.00 11.78 
LYR 9 P 359-316 0.11 1.36 11.75 13.95 1.19 9.63 
LYR 8 P- 408-359 0.47 1.18 12.32 14.88 1.21 8.79 
LYR 7 P= 464-408 0.33 1.05 13.12 13.86 1.06 8.12 
LYR 6 P 527-464 -0.04 1.00 12.39 11.76 0.95 7.98 
LYR 5 P 599-527 -0.19 0.98 12.76 10.14 0.80 7.73 
LYR 4 P 681-599 -0.10 1.15 13.55 10.36 0.77 8.71 
LYR 3 P= 7 7 4 4 8 1  0.25 0.99 15.32 13.80 0.91 10.08 
LYR 2 P- 880-774 0.42 1.43 25.99 25.46 0.98 10.52 
LYR 1 P=1000-880 0.11 1.93 43.30 36.72 0.85 7 2 0  
TSKIN -0.52 0.85 85.42 87.08 1.02 
STRATOSPHERIC RMS= 3.19 WITH AVG VPR RATIO= 1.04 
TROPOSWERIC RMS= 1.78 WITH AVG VAR RATIC= 1.01 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
I N S T W T  1 PROCESS 5 DATA SET 3 
LAT BELT -30- 28 BOTH CCNTINENT AND OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 
LYR 22 P 25- 16 1.57 3.62 188.06 143.08 0.77 58.65 
LYR 21  P- 40- 25 0.57 2.38 140.40 146.32 1.05 81.06 
LYR 20 P= 63- 40 -0.07 2.09 64.39 75.42 1.18 72.90 
LYR 19 P 100- 63 -1.18 2.80 32.52 29.63 0.92 61.44 
LYR 18 P 114-100 -1.48 3.11 23.65 24.46 1.04 36.29 
LYR 17 P 129-114 -1.12 2.65 16.61 16.55 1.00 30.03 
LYR 16 P= 147-129 -0.93 2.56 12.59 11.18 0.89 25.06 
LYR 15 P 167-147 -0.77 2.34 8.22 7.15 0.87 21.17 
LYR 14 P 190-167 -0.61 1.77 5.47 5.06 0.93 20.04 
LYR 13 P 215-190 -0.36 1.55 6.54 5.53 0.85 19.47 
LYR 12 P 245-215 -0.05 1.41 9.29 6.40 0.69 18.37 
LYR 11 P- 278-245 0.10 1.41 10.92 8.02 0.74 15.52 
LYR 10 P= 316-278 0.22 1.43 11.90 9.82 0.83 12.49 
LYR 9 P 359-316 0.28 1.23 11.46 11.13 0.98 9.78 
LYR 8 P 405359  0.37 1.06 11.52 11.85 1.03 8.69 
LYR 7 P 464-408 0.24 0.93 11.76 11.20 0.96 8.01 
LYR 6 P 527-464 -0.06 0.96 11.09 10.19 0.92 7.72 
LYR 5 P- 599-527 -0.11 0.97 10.81 9.33 0.87 7.69 
LYR 4 P 681-599 0.07 1.00 11.03 9.79 0.89 8.89 
LYR 3 P 774-681 0.07 0.99 13.39 11.89 0.89 9.79 
LYR 2 P 880-774 0.18 1.48 21.18 19.74 0.94 9.56 
LYR 1 P-1000-880 0.27 1.62 30.32 26.11 0.87 6.05 
TSKIN -0.52 0.90 52.30 52.84 1.02 
STRATOSPHERIC RMS= 2.78 WITH AVG VAR RATIO= 0.98 
TROPOSWERIC R E =  1.70 WITH AVG VAR RATIO= 0.90 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
93 
I N S M T  1 PROCESS 5 DATA SET 3 
L A T  BELT 30- 58 OCEANS O N Y  
48 RETRIEVED S N f f i S  ARE INCLUOEO I N  M I S  TABLE 
LYR 22 P 25- 16 -1.09 3.77 81.08 80.62 1.00 67.37 
LYR 21  P 40- 25 -0.78 2.88 79.81 73.63 0.93 59.18 
LYR 20 P= 63- 40 0.38 2.51 71.35 59.19 0.83 52.76 
LYR 19 P 100- 63 0.64 3.22 60.24 46.67 0.78 35.20 
LYR 18 P 114-100 0.03 3.20 46.49 38.42 0.83 37.55 
LYR 17 P 129-114 -0.48 2.61 38.43 35.04 0.92 43.85 
LYR 16 P= 147-129 -0.97 2.42 32.07 32.40 1.02 48.54 
LYR 15 P 167-147 -1.40 2.79 30.82 30.25 0.99 51.83 
LYR 14 P 190-167 -1.26 3.28 40.19 27.62 0.69 52.98 
LYR 13 P 215-190 -0.67 3.85 45.90 25.97 0.57 50.56 
LYR 12 P 245-215 0.42 4.15 35.81 25.44 0.72 45.30 
LYR 11 PS 278-245 1.15 3.83 20.84 24.84 1.20 36.56 
LYR 10 P= 316-278 0.97 3.07 15.78 25.09 1.59 27.07 
LYR 9 P 359-316 0.75 2.28 19.41 28.33 1.46 20.81 
LYR 8 P 408-359 0.62 1.96 29.66 31.56 1.07 16.51 
LYR 7 P 464-408 0.08 1.69 36.72 34.80 0.95 12.46 
LYR 6 P= 527-464 -0.22 1.52 39.18 36.62 0.94 9.39 
LYR 5 P 599-527 -0.18 1.35 43.13 37.43 0.87 8.12 
LYR 4 P 681-599 0.10 1.36 40.39 36.72 0.91 8.75 
LYR 3 P 774-681 0.37 1.37 36.24 34.73 0.96 8.10 
LYR 2 P 880-774 0.02 1.08 29.40 29.86 1.02 6.90 
LYR 1 P1000-880 -0.02 1.42 22.28 26.13 1.18 5 2 8  
TSKIN -0.22 0.36 30.41 29.03 0.96 
STRATOSPHERIC R M S  3.13 WITH AVG VAR RATIO= 0.89 
TROPOSWERIC RMS= 2.58 WITH AVG VAR RATIO= 1 .oo 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
LAYER 
LYR 22 P= 25- 16 
LYR 2 1  P= 40- 25 
LYR 20 P 63- 40 
LYR 19 P 100- 63 
LYR 18 P- 114-100 
LYR 17 P= 129-114 
LYR 16 P 147-129 
LYR 15 P= 167-147 
LYR 14 P 190-167 
LYR 13 P= 215-190 
LYR 12 P 245-215 
LYR 11 P= 278-245 
LYR 10 P 316-278 
LYR 9 P 359-316 
LYR 8 P= 408-359 
LYR 7 P= 464-408 
LYR 6 P;; 527-464 
LYR 5 P= 599-527 
LYR 4 P 681-599 
LYR 3 P= 774-681 
LYR 2 P 800-774 
LYR 1 P=1000-880 
T S K I N  
STRATOSPHERIC RMS= 
TROWSRIERIC RMS- 
I N S T W T  1 PROCESS 5 DATA SET 3 
L A T  BELT 30- 58 CONTINENTS ONLY 
48 RETRIEVED SNffiS ARE INCLUDED I N  T H I S  TABLE 
MN ERROR RMS TRU VAR RET V A R  RATIO RMS HT ERROR (METERS) 
-0.35 4.85 86.74 
0.85 2.81 67.92 
0.63 2.82 54.40 
-0.05 3.05 46.50 
-1.14 2.85 39.25 
-1.31 2.53 36.82 
-1.38 2.50 35.66 
-1.30 2.59 39.85 
-0.71 2.76 42.82 
-0.23 3.29 42.25 
0.38 3.25 33.21 
0.98 3.43 28.05 
0.85 2.88 29.03 
0.86 2.41 34.40 
0.91 2.04 42.80 
0.88 1.96 48.40 
0.65 1.58 47.38 
0.51 1.15 45.98 
-0.06 0.90 46.69 
-0.39 1.08 50.12 
-0.02 1.33 49.91 
-0.18 1.78 63.03 
-0.16 0.33 129.75 
3.49 WITH AVG VAR RATIO= 







































































DATA SET 3 I N S T t N T  1 PROCESS 5 
L A T  BELT 30- 58 BOTH CONTINENT NO OCEAN 
96 RETRIEVED SNOGS ARE INCLUOEO I N  T H I S  TABLE 
LYR 22 P 25- 16 -0.72 4.35 84.60 68.31 0 .81 7 1.06 
LYR 21  P 40- 25 0.03 2.85 75.82 63.64 0.84 84.93 
LYR 20 P= 63- 40 0.51 2.67 65.33 54.74 0.84 70.82 
LYR 19 P 100- 63 0.30 3.14 55.24 45.83 0.83 47.97 
LYR 18 P 114-100 -0.55 3.03 44.09 39.42 0.90 40.73 
LYR 17 P= 129-114 -0.89 2.57 38.78 36.16 0.94 44.58 
LYR 16 P= 147-129 -1.17 2.46 34.92 32.94 0.95 47.97 
LYR 15 P 167-147 -1.35 2.69 36.21 30.27 0.84 50 -40 
LYR 14 P 190-167 -0.98 3.03 42.01 28.62 0.69 51.23 
LYR 13 P 215-190 -0.45 3.58 44.13 26.75 0.61 49.08 
LYR 12 P 245-215 0.40 3.73 34.62 25.54 0.74 44.62 
LYR 11 P 278-245 1.07 3.64 24.69 25.05 1.02 37.42 
LYR 10 P= 316-278 0.91 2.97 22.54 26.49 1.18 29.41 
LYR 9 P= 359-316 0.81 2.35 26.96 30.18 1.12 23.75 
LYR 8 P= 408-359 0.77 2-00 36.26 34.53 0.96 19.11 
LYR 7 P 464-408 0.48 1.83 42.56 38.86 0.92 14.37 
LYR 6 P= 527-464 0.21 1.55 43.28 41.51 0.96 9.90 
LYR 5 P 599-527 0.16 1.26 44.56 41.95 0.95 7.58 
LYR 4 P 681-599 0.02 1.16 43.59 41.73 0.96 7.87 
LYR 3 P 774-681 -0.01 1.23 43.30 41.83 0.97 7.56 
LYR 2 P= 880-774 -0.00 1.21 39.88 41.19 1.04 7.58 
LYR 1 P=1000-880 -0.10 1.61 46.09 50.34 1.10 6 .OO 
TSKIN -0.19 0.34 96.99 94.72 0.98 
STRATOSWERIC R M S  3.31 WITH AVG VAR RATIO= 0.84 
TROPOSPHERIC RMS= 2.48 WITH AVG VAR RATIO= 0.94 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
94 
I N S M T  1 PROCESS 5 DATA SET 4 
LAT BELT -30- 28 OCEANS O N Y  
56 RETRIEVED SNDGS ARE INCLUDED I N  THIS TABLE 
LYR 22 P= 25- 16 -0.30 2.21 8.86 4.43 0.50 49.92 
LYR 2 1  P= 40- 25 0.15 1.15 4.28 3.28 0.77 52.11 
LYR 20 P= 63- 40 -0.19 1.95 7.57 4.98 0.66 49.71 
LYR 19 P= 100- 63 -0.83 1.61 12.19 10.50 0.87 44.91 
LYR 1 8  P 114-100 -0.93 2.91 24.77 12.67 0.52 33.19 
LYR 17 P 129-114 -1.07 2.61 17.79 8.21 0.47 26.14 
LYR 16 P= 147-129 -0.90 2.12 10.39 4.29 0.42 22.37 
LYR 15 P 167-147 -0.78 2.04 6.53 1.91 0.30 21.23 
LYR 14 P 190-167 -0.49 1.72 4.32 2.06 0.48 21.51 
LYR 13 P 215-190 -0.11 1.49 5.50 4.54 0.83 21.53 
LYR 12 P= 245-215 0.08 1.29 8.44 7.33 0.87 19.90 
LYR 11 P 278-245 0.22 1.39 12.89 10.03 0.78 17.30 
LYR 10 P= 316-278 0.31 1.41 16.48 12.09 0.74 14.15 
LYR 9 P= 359-316 0.33 1.16 16.99 12.91 0.77 11.04 
LYR 8 P= 408-359 0.26 0.93 15.37 12.58 0.82 8.94 
LYR 7 P= 464-408 0.24 0.72 U.40 11.37 0.85 8.29 
LYR 6 P= 527-464 0.07 0.90 11.33 10.40 0.92 7.58 
LYR 5 P= 599-527 0.04 0.90 10.90 9.23 0.85 7.61 
LYR 4 P= 681-599 0.10 0.66 11.17 9.29 0.84 8.80 
LYR 3 P= 774-681 0.10 0.97 12.77 9.86 0.78 9.43 
LYR 2 P 880-774 0.19 1.39 13.75 12.59 0.92 7.96 
LYR 1 P=1000-880 0.30 1.21 15.06 18.25 1.22 4.50 
TSKIN -0.47 0.89 26.18 24.10 0.93 
STRATOSRIERIC RMS= 1.77 WITH AVG VAR R A T 1 5  0.71 
TROWSWERIC RMS= 1.55 WITH AVG VAR RATIO= 0.75 
LAYER MN ERROR RMS TRU V A R  RET VAR RATIO RMS H T  ERROR (METERS) 
I N S T W T  1 PROCESS 5 DATA SET 4 
LAT BELT -30- 28 CONTINENTS ONLY 
40 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 
LYR 22 P 25- 16 -0.46 2.41 12.01 5.16 0.43 52.67 
LYR 21  P- 40- 25 0.37 1.60 8.69 6.14 0.71 54.48 
LYR 20 P 63- 40 0.06 2.13 13.69 9.13 0.67 51.04 
LYR 19 P= 100- 63 -0.42 2.37 21.66 13.40 0.62 43.96 
LYR 18 P; 114-100 -1.16 3.21 22.86 9.23 0.41 29.99 
LYR 17 P= 129-114 -1.31 3.09 14.62 6.55 0.45 25.58 
LYR 16 P= 147-129 -1.39 2.60 9.49 5.34 0.57 24.26 
LYR 15 P= 167-147 -1.05 2.02 7.43 5.37 0.73 26.49 
LYR 14 P= 190-167 -0.32 1.39 10.25 7.60 0.75 28.61 
LYR 13 P= 215-190 0.15 1.56 15.49 10.21 0.66 26.70 
LYR 12 P;; 245-215 0.38 1.56 19.90 12.56 0.64 23 . O l  
LYR 11 P= 278-245 0.56 1.79 24.94 15.20 0.61 18.46 
LYR 1 0  P= 316-278 0.56 1.63 28.03 17.97 0.65 13.81 
LYR 9 P= 359-316 0.37 1.35 26.26 18.76 0.72 10.42 
LYR 8 P= 408-359 0.20 1.07 23.50 20.62 0.88 9.10 
LYR 7 P= 464-408 0.02 0.83 19.79 20.83 1.06 8.74 
LYR 6 P 527-464 0.08 1.15 15.71 17.02 1.09 8.32 
LYR 5 P= 599-527 -0.08 1.31 11.05 13.75 1.25 7.87 
LYR 4 P= 681-599 0.15 1.27 13.21 12.85 0.98 8.47 
LYR 3 P= 774-1381 0.16 1.31 21.78 19.56 0.90 9.30 
LYR 2 P= 880-774 0.09 1.16 29.62 24.98 0.85 9.96 
LYR 1 P=1000-880 0.26 1.84 44.55 35.27 0 .80 6.86 
TSKIN -0.46 0.78 89.12 87.35 0.99 
STRATOSRIERIC RMS= 2.15 WITH AVG VPR RATIO= 0.62 
TROPOSWERIC RMS= 1.79 WITH AVG VAR R A T 1 5  0.78 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
I N S M T  1 PROCESS 5 DATA SET 4 
LAT BELT -30- 28 B O M  CONTINENT AND OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 
LYR 22 P= 25- 16 -0.36 2.30 11.17 5.57 0.50 51.08 
LYR 21  P 40- 25 0.24 1.36 6.94 5.50 0.80 53 .ll 
LYR 20 P= 63- 40 -0.09 2.02 10.81 7.62 0.71 50.26 
LYR 19 P= 100- 63 -0.66 1.96 16.63 12.51 0.76 44.52 
LYR 1 8  P 114-100 -1.02 3.04 24.90 11.96 0.49 3 1 .89 
LYR 17 P= 129-114 -1.17 2.82 17.41 8.25 0.48 25.91 
LYR 16 P= 147-129 -1.10 2.33 11.34 5.55 0.49 23.18 
LYR 15 P= 167-147 -0.89 2.03 7.83 4.04 0.52 23 .57 
LYR 14 P- 190-167 -0.42 1.59 7.20 4.91 0.69 24.72 
LYR 13 P- 215-190 -0.00 1.52 9.90 7.29 0.74 P .82 
LYR 1 2  P- 245-215 0.20 1.41 13.33 9.75 0.74 21.25 
LYR 11 P 278-245 0.36 1.57 17.97 12.35 0.69 17.80 
LYR 10 P= 316-278 0.42 1.50 21.34 14.66 0.69 14.01 
LYR 9 P= 359-316 0.35 1.24 20.93 15.44 0.74 10.79 
LYR 8 P 408-359 0.24 0.99 18.82 15.98 0.85 9.01 
LYR 7 P= 464-408 0.15 0.77 16.13 15.34 0.96 8.46 
LYR 6 P= 527-464 0.08 1.01 13.22 13.22 1.01 7.90 
LYR 5 P- 599-527 -0.01 1.09 11.15 11.26 1.01 7.72 
LYR 4 P= 681-599 0.12 0.96 12.18 10.96 0.90 8.66 
LYR 3 P= 774-681 0.13 1.12 16.64 14.04 0.85 9.38 
LYR 2 P- 880-774 0.15 1.30 20.81 18.14 0.88 8.85 
LYR 1 P=1000-880 0.28 1.50 28.15 26.11 0.93 5.61 
TSKIN -0.46 0.84 53.40 51.46 0.97 
STRATOSRIERIC RMS= 1.94 WITH AVG VAR R A T 1 5  0.70 
TROWSWERIC RMS= 1.66 WITH AVG VAR RATIO= 0.76 
LAYER MN ERROR RMS TRU VN? RET V d R  RATIO RMS H T  ERROR (METERS) 
95 
INSTMNT 1 PROCESS 5 DATA SET 4 
L A T  BELT 30- 58 OCEANS ONLY 
48 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P 25- 16 0.19 1.12 7.07 5.34 0.76 44.51 
LYR 21 P= 40- 25 -0.08 1.42 9.73 5.79 0.60 41.62 
LYR 20 P 63- 40 -0.25 1.28 12.54 9.83 0.79 36.37 
LYR 19 P 100- 63 -0.54 1.69 20.26 15.73 0.78 36.74 
LYR 18 P 114-100 -1.04 2.09 22.26 19.17 0.87 37.30 
LYR 17 P 129-114 -1.13 2.14 20.35 19.06 0.94 37.16 
LYR 16 P= 147-129 -1.12 2.54 20.31 19.21 0.95 36.02 
LYR 15 P 167-147 -0.71 3.05 23.16 18.16 0.79 33.53 
LYR 14 P 190-167 0.26 3.79 28.44 15.75 0.56 29.94 
LYR 13 P 215-190 1.17 4.02 27.05 11.81 0.44 25.60 
LYR 1 2  P 245-215 0.78 2.86 15.37 6.71 0.44 21.46 
LYR 11 P 278-245 0.32 1.78 9.48 6.77 0.72 20.40 
LYR 10 P= 316-278 0.10 1.79 10.93 9.59 0.88 18.98 
LYR 9 P 359-316 0.12 1.66 11.93 11.64 0.98 15.42 
LYR 8 P= 408-359 0.09 1.61 12.52 13.03 1.05 11.57 
LYR 7 P 464-408 0.05 1.23 13.48 14.07 1.05 8.95 
LYR 6 P= 527-464 0.18 1.10 16.47 14.72 0.90 8.55 
LYR 5 P 599-527 0.14 1.07 17.08 15.13 0.89 7.89 
LYR 4 P 681-599 0.05 0.86 18.74 17.37 0 -93 8.40 
LYR 3 P= 774-681 -0.04 1.01 26.97 22.20 0.83 8.38 
LYR 2 P 880-774 0.03 1.35 34.07 28.74 0.85 7.46 
LYR 1 P1000-880 0.06 1.51 21.53 22.09 1.03 5.63 
TSKIN -0.24 0.65 19.53 17.76 0.91 
STRATOSPHERIC RMS= 1.39 W I T H  AVG VAR RATIO.  0.74 
TROPOSPHERIC RMS= 2.17 WITH AVG V A R  RATIO= 0.84 
LAYER MN ERROR RMS TRU VAR RET V A R  RATIO RMS HT ERROR (METERS) 
LAYER 
LYR 22 P 25- 16 
LYR 2 1  P= 40- 25 
LYR 20 P 63- 40 
LYR 19 P 100- 63 
LYR 18 P; 114-100 
LYR 17 P= 129-114 
LYR 16 P 147-129 
LYR 15 P 167-147 
LYR 14 P 190-167 
LYR 13 P= 215-190 
LYR 12 P 245-215 
LYR 11 P= 278-245 
LYR 10 P- 316-278 
LYR 9 P 359-316 
LYR 8 P 408-359 
LYR 7 P= 464-408 
LYR 6 P 527-464 
LYR 5 P 599-527 
LYR 4 P 681-599 
LYR 3 P= 774-681 
LYR 2 P 880-774 




I N S T W T  1 PROCESS 5 DATA SET 4 
L A T  BELT 30- 58 CONTINENTS ONLY 
48 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
MN ERROR RMS TRU V A R  RET V P R  








































25.37 23 .88 
29.82 25.98 
29.22 25.82 
-0.46 0.69 84.69 80.18 
1.65 WITH AVG V A R  RATIO= 
1.94 WITH AVG VAR R A T I O .  


















































LYR 22 P 25- 16 
LYR 21  P 40- 25 
LYR 20 P= 63- 40 
LYR 19 P 100- 63 
LYR 18 P 114-100 
LYR 17 P 129-114 
LYR 16 P= 147-129 
LYR 15 P 167-147 
LYR 14 P 190-167 
LYR 13 P- 215-190 
LYR 12 P= 245-215 
LYR 11 P 278-245 
LYR 10 Ps 316-278 
LYR 9 P. 359-316 
LYR 8 P 408-359 
LYR 7 P 464-408 
LYR 6 P= 527-464 
LYR 5 P 599-527 
LYR 4 P 681-599 
LYR 3 P- 774-681 
LYR 2 P 880-774 
LYR 1 P1000-880 
TSKIN 
STRATOSPHERIC R M S  
TROPOSPHERIC RMS= 
MN ERROR RMS TRU VAR 
0.01 1.40 9.44 
-0.06 1.66 11.99 
-0.14 1.29 17.25 
-0.23 1.71 30.21 
-0.50 2.19 35.30 
-0.76 2.20 30.02 
-0.95 2.48 27.46 
-0.89 2.80 a.06 
-0.42 3.34 29.56 
0.23 3.52 28.22 
0.29 2.66 18.43 
0.24 2.06 17.65 
0.17 1.86 20.92 
0.07 1.57 20.79 
0.07 1.41 18.54 
0.17 1.11 17.50 
0.23 1.02 18.51 
0.17 1.03 18.82 
0.06 0.91 19.86 
0.11 1.05 26.17 
0.14 1.35 32.40 
0.10 1.71 30.12 
-0.35 0.67 66.84 
1.52 WITH AVG VAR R A T I O .  

























I N S W T  1 PROCESS 5 DATA SET 4 
L A T  BELT 30- 5 8  B O M  CONTINENT AND OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED I N  M I S  TABLE 


























INSTMNT 1 PROCESS 5 DATA SET 3 (+ NOISE) 
L A T  BELT -30- 28 OCEANS O N Y  
48 RETRIEVED S N K S  ARE INCLUDED I N  THIS  TABLE 
LYR 22 P 25- 16 -0.87 4.21 81.08 80.55 1 .oo 80.06 
LYR 21 P 40- 25 -0.87 3.14 79.81 76.80 0.97 69.89 
LYR 20 P= 63- 40 0.28 2.50 71.35 62.00 0.87 63.59 
LYR 18 P 114-100 0.00 3.44 46.49 43.06 0.93 40.05 
LYR 16 P= 147-129 -1.10 2.90 32.07 37.61 1.18 46.19 
LYR 14 P 190-167 -1.43 3.33 40.19 30.86 0.77 49.50 
LYR 13 P 215-190 -0.92 3.63 45.90 27.66 0.61 48.19 
LYR 12 P 245-215 0.11 3.92 35.81 25.75 0.72 44.12 
LYR 11 P 278-245 0.85 3.74 20.84 24.89 1.20 36.21 
LYR 10 P 316-278 0.72 3.09 15.78 25.12 1.60 26.74 
LYR 8 P 408-359 0.48 1.95 29.66 31.91 1.08 16.11 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
LYR 19 P 100- 63 0.66 3.33 60.24 50.95 0.85 48.46 
LYR 17 P 129-114 -0.56 2.93 38.43 40.14 1.05 43.37 
LYR 15 P 167-147 -1.53 3.24 30.82 34.63 1.13 48.35 
LYR 9 P 359-316 0.55 2.29 19.41 28.47 1.47 20.P 
LYR 7 P 464-408 0.02 1.74 36.72 34.49 0.94 12.57 
LYR 6 P= 527-464 -0.19 1.57 39.18 35.94 0.92 10.11 
LYR 5 P 599-527 -0.14 1.36 43.13 36.54 0.85 9.42 
LYR 4 P 681-599 0.16 1.32 40.39 36.17 0.90 10.07 
LYR 3 P 774-681 0.44 1.46 36.24 34.16 0.95 9.05 
LYR 2 P 880-774 0.06 1.09 29.40 29.71 1.02 7.22 
LYR 1 P1000-880 -0.12 1.50 22.28 27.00 1.22 5.61 
TSKIN -0.22 0.36 30.41 29.10 0.96 
STRATOSWERIC RM.9 3.34 WITH AVG VAR RATIO-  0.93 
T R O W S W E R I C  RMS= 2.64 WITH AVG VAR RATIO= 1.03 
I N S T N T  1 PROCESS 5 DATA SET 3 (+ NOISE) 
LAT BELT -30- 28 CONTINENTS ONLY 
48 RETRIEVED S N K S  ARE INCLUDED I N  M I S  TABLE 
L Y R 2 2  P 25- 16 -0.48 4.84 86.74 58.68 0.68 78.10 
LYR 21 P= 40- 25 0.74 3.30 67.92 58.54 0 .87 101.23 
LYR 20 P 63- 40 0.35 2.80 54.40 45.33 0 .e4 82.41 
LYR 19 P 100- 63 -0.08 2.93 46.50 37.44 0.81 61.75 
LYR 18 P 114-100 -1.02 2.82 39.25 32.64 0.84 48.78 
LYR 17 P= 129-114 -1.18 2.50 36.82 31.46 0.86 50.01 
LYR 16 P; 147-129 -1.23 2.45 35.66 29.81 0.84 51.56 
LYR 15 P 167-147 -1.16 2.56 39.85 29.37 0.74 52.58 
LYR 14 P 190-167 -0.60 2.96 42.82 30.04 0.71 52.42 
LYR 13 P= 215-190 -0.11 3.54 42.25 29.22 0.70 49.84 
LYR 12 P 245-215 0.47 3.44 33.21 27.46 0.83 45.61 
LYR 11 P= 278-245 1.08 3.47 28.05 27.14 0.97 39.77 
LYR 10 P 316-278 0.97 2.94 29.03 30.28 1.05 33.29 
LYR 9 P 359-316 0.98 2.57 34.40 33.52 0.98 27.41 
LYR 8 P- 408-359 0.97 2.18 42.80 37.85 0.89 21.38 
LYR 7 P= 464-408 0.91 2.03 48.40 42.40 0 .88 15.98 
LYR 6 P 527-464 0.65 1.63 47.38 45.84 0.97 11.30 
LYR 5 P 599-527 0.45 1.19 45.98 46.16 1.01 9.42 
LYR 4 P 681-599 -0.14 0.97 46.69 47.48 1.02 10.10 
LYR 3 P= 774-681 -0.51 1.18 50.12 51.20 1.03 10.18 
LYR 2 P 880-774 -0.17 1.57 49.91 57.14 1.15 10.56 
LYR 1 P=1000-880 -0.29 2.04 63.03 71.38 1.14 7.60 
TSKIN -0.11 0.35 129.75 125.34 0.97 
STRATOSPHERIC RMS= 3.50 WITH AVG VAR RATIO= 0 .80 
TROPOSWERIC R M S  2.46 WITH AVG VAR RATIO-  0.93 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
LAYER 
LYR 22 P 25- 16 
LYR 21 P 40- 25 
LYR 20 P= 63- 40 
LYR 19 P 100- 63 
LYR 18 P 114-100 
LYR 17 P 129-114 
LYR 16 P= 147-129 
LYR 15 P 167-147 
LYR 14 P 190-167 
LYR 13 P= 215-190 
LYR 12 P 245-215 
LYR 11 P 278-245 
LYR 10 P= 316-278 
LYR 9 P 359-316 
LYR 8 P 408-359 
LYR 7 P 464-408 
LYR 6 P= 527-464 
LYR 5 P 599-527 
LYR 4 P 681-599 
LYR 3 P 774-681 
LYR 2 P 880-774 
LYR 1 P1000-880 
TSKIN 
STRATOSWERIC RM.9 
T R O W S W E R I C  RMS= 
I N S T W T  1 PROCESS 5 DATA SET 3 (+NOISE) 
L A T  BELT -30- 28 BOW CONTINENT AN0 OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED I N  MIS TABLE 
MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
-0.67 4.54 84.60 70.02 0.83 79.08 
-0.07 3.09 75.82 
0.31 2.65 65.33 
0.29 3.13 55.24 
-0.51 3.15 44.09 
-0.87 2.72 38.78 
-1.16 2.68 34.92 
-1.35 2.92 36.21 
-1.01 3.15 42.01 
-0.51 3.59 44.13 
0.29 3.69 34.62 
0.97 3.61 24.69 
0.85 3.02 22.54 
0.76 2.43 26.96 
0.72 2.07 36.26 
0.46 1.89 42.56 
0.23 1.60 43.28 
0.16 1.28 44.56 
0.01 1.16 43.59 
-0.03 1.32 43.30 
-0.06 1.35 39.88 
-0.20 1.79 46.09 
-0.17 0.35 96.99 
3.42 WITH AVG VAR RATIO= 






































































I N S T W T  2 PROCESS 4 DATA SET 3 
LAT BELT -30- 28 OCEANS O N Y  
48 RETRIEVED SNDGS ARE INCLUDED I N  THIS TABLE 
LYR 22 P 25- 16 0.01 1.68 187.08 190.68 1.02 39.21 
LYR 21  P 40- 25 0.24 1.65 136.50 142.33 1.05 34.74 
LYR 20 P= 63- 40 0.35 1.39 63.87 67.97 1.07 29.17 
LYR 19 P 100- 63 -0.25 1.64 38.63 33.56 0.87 27.83 
LYR 18 P 114-100 -0.30 1.80 30.88 28.32 0.92 23.09 
LYR 17 P 129-114 0.21 1.53 22.58 19.97 0.89 23.26 
LYR 16 P= 147-129 0.18 1.64 16.26 13.66 0.85 23 .04 
LYR 15 P 167-147 0.12 1.64 10.11 9.03 0.90 22.85 
LYR 14 P 190-167 0.12 1.33 5.84 6.03 1.04 22.65 
LYR 13 P 215-190 -0.07 1.47 5.93 5.45 0.92 20.83 
LYR 12 P 245-215 0.11 1.37 8.56 5 .82 0.69 17.96 
LYR 11 P 278-245 0.26 1.22 9.39 7.21 0.77 14.16 
LYR 10 P= 316-278 0.44 1.06 10.25 8.72 0.86 11.33 
LYR 9 P 359-316 0.24 0.79 10.26 9.53 0.93 9.31 
LYR 8 P- 408-359 0.03 0.73 10.43 9.90 0.95 8.17 
LYR 7 P 464-408 -0.01 0.72 10.23 9.76 0.96 7.68 
LYR 6 P= 527-464 -0.12 0.93 9.69 9.53 0.99 7.69 
LYR 5 P 599-527 -0.15 0.82 8.82 8.69 0.99 8.16 
LYR 4 P 681-599 0.03 0.68 8.42 8.60 1.03 9.01 
LYR 3 P; 774-681 -0.23 1.02 11.21 9.16 0.82 9.25 
LYR 2 P 880-774 0.05 1.32 14.22 11.61 0 .82 8.62 
LYR 1 P1000-880 -0.04 1.43 14.08 11.96 0.85 5.35 
TSKIN -0.09 0.75 16.37 16.03 0.98 
STRATOSFliERIC RMSS 1.59 WITH AVG VAR RATIO; 1.01 
TROPOSRIERIC RMS= 1.24 WITH AVG VAR RATIO= 0.90 
LAYER MN ERROR RMS TFiU VAR RET VAR RATIO RMS HT ERROR (METERS) 
INSTFNT 2 PROCESS 4 DATA SET 3 
LAT BELT -30- 28 CONTINENTS ONLY 
48 RETRIEVED SNDGS ARE INCLUDED I N  THIS TABLE 
LYR 22 P 25- 16 0.39 1.74 184.63 194.57 1.06 40.07 
LYR 21 P= 40- 25 0.15 1.76 141.32 142.78 1.02 32.22 
LYR 20 P 63- 40 0.34 1.55 64.78 62.74 0.97 27.87 
LYR 1 9  P;: 100- 63 0.24 1.91 25.55 17.91 0.71 27.10 
LYR 18 P 114-100 0.08 1.87 15.78 14.17 0.90 24.21 
LYR 17 P= 129-114 -0.13 1.44 9.83 10.65 1.09 23.60 
LYR 16 P= 147-129 -0.35 1.55 8.09 6.67 0.83 23.18 
LYR 15 P- 167-147 -0.23 1.74 5.91 4.29 0.73 21.19 
LYR 14 P= 190-167 -0.11 1.47 4.83 3.44 0.72 19.65 
LYR 13 P= 215-190 -0.18 1.39 6.95 4.46 0.65 18.17 
LYR 12 P 245-215 -0.16 1.32 9.68 5.67 0.59 15.76 
LYR 11 P= 278-245 -0.35 1.28 11.69 7.54 0.65 13.02 
LYR 10 P 316-278 -0.45 1.18 12.21 9.71 0.80 10.92 
LYR 9 P 359-316 -0.25 0.92 11.75 11.73 1 .oo 9.71 
LYR 8 P 408-359 0.19 0.93 12.32 13.58 1.11 9.44 
LYR 7 P= 464-408 0.72 1.07 13.12 14.29 1.09 9.10 
LYR 6 P 527-464 0.09 1.01 12.39 14.15 1.15 9.02 
LYR 5 P- 599-527 0.10 0.82 12.76 13.06 1.03 9.01 
LYR 4 P 681-599 0.13 1.14 l3.55 l3.05 0.97 9.40 
LYR 3 P= 774-681 0.18 0.97 15.32 15.08 0.99 10.26 
LYR 2 P 880-774 -0.12 1.27 25.99 22.32 0.86 10.77 
LYR 1 P=1000-880 -0.37 2.01 43.30 32.77 0.76 7.51 
TSKIN 0.16 0.94 85.42 81.45 0.96 
STRATOSPHERIC RMS= 1.74 WITH AVG VAR RATIO= 0.94 
TRoPOSRlERIC RMS- 1.34 WITH AVG VAR RATIO; 0.89 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
I N S M T  2 PROCESS 4 DATA SET 3 
LAT BELT -30- 28 BOTH CONTINENT AND O E A N  
96 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 
LYR 22 P 25- 16 0.20 1.71 188.06 194.29 1.04 39.64 
LYR 21  P 40- 25 0.20 1.71 140.40 144.16 1.03 33.50 
LYR 20 P= 63- 40 0.34 1.47 64.39 65.42 1.02 28.53 
LYR 19 P. 100- 63 -0.01 1.78 32.52 26.55 0.82 27.46 
LYR 18 P 114-100 -0.11 1.84 23.65 21-80 0.93 23 .66 
LYR 17 P. 129-114 0.04 1.48 16.61 15.53 0.94 23.43 
LYR 16 P= 147-129 -0.08 1.60 12.59 10.31 0 .82 23 .ll 
LYR 15 P- 167-147 -0.06 1.69 8.22 6.74 0.82 22.03 
LYR 14 P 190-167 0.01 1.40 5.47 4.80 0.88 21.20 
LYR 13 P 215-190 -0.13 1.43 6.54 5.02 0.77 19.55 
LYR 12 PE 245-215 -0.03 1.35 9.29 5 .a2 0.63 16 .89 
LYR 11 P- 278-245 -0.04 1.25 10.92 7.48 0.69 13.60 
LYR 10 P= 316-278 -0.01 1.12 11.90 9.36 0.79 11.13 
LYR 9 P;: 359-316 -0.00 0.86 11.46 10.81 0.95 9.51 
LYR 8 P 408-359 0.11 0.83 11.52 11.95 1.04 8.83 
LYR 7 P- 464-408 0.10 0.91 11.76 12.20 1.04 8.42 
LYR 6 P= 527-464 -0.02 0.97 11.09 11.94 1.08 8.38 
LYR 5 P 599-527 -0.03 0.82 10.81 10.93 1.02 8.60 
LYR 4 P 681-599 0.08 0.94 11.03 10.89 0.99 9.21 
LYR 3 P 774-681 -0.02 0.99 13.39 12.44 0.93 9.77 
LYR 2 P= 880-774 -0.03 1.30 21.18 17.88 0.85 9.76 
LYR 1 P-1000-880 -0.21 1.75 30.32 23.59 0.78 6.52 
TSKIN 0.04 0.85 52.30 50.44 0.97 
STRATOSFliERIC RMS- 1.66 WITH AVG VAR RATIO; 0.98 
TR0pOSR)ERIC RMS= 1.29 WITH AVG VAR RATIO= 0 .89 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
98 
LAYER 
LYR 22 P= 25- 16 
LYR 2 1  P= 40- 25 
LYR 20 P= 63- 40 
LYR 19 P 100- 63 
LYR 1 8  P 114-100 
LYR 17 P- 129-114 
LYR 16 P= 147-129 
LYR 15 P- 167-147 
LYR 14 P 190-167 
LYR 13 P 215-190 
LYR 12 P- 245-215 
LYR 11 P 278-245 
LYR 10 P= 316-278 
LYR 9 P 359-316 
LYR 8 P 408-359 
LYR 7 P- 464-408 
LYR 6 P= 527-464 
LYR 5 P- 599-527 
LYR 4 P 681-599 
LYR 3 P= 774-681 
LYR 2 P 880-774 




I N S T W T  2 PROCESS 4 DATA SET 3 
LA7 BELT 30- 58 OCEANS O N Y  
48 RETRIEVED SNDGS ARE INCLUDED I N  M I S  TABLE 
MN ERROR RMS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
-0.89 2.04 81.08 77.18 0.96 31.93 
0.08 1.57 79.81 
0.52 1.58 71.35 
0.36 2.19 60.24 
-0.22 2.20 46.49 
-0.22 1.53 38.43 
-0.61 1.66 32.07 
-0.85 2.27 30.82 
-0.61 2.80 40.19 
-0.10 3.11 45.90 
0.91 3.17 35.81 
1.08 2.78 20.84 
0.56 2.08 15.78 
0.13 1.65 19.41 
-0.00 1.96 29.66 
-0.34 1.92 36.72 
-0.47 1.64 39.18 
-0.28 1.64 43.13 
0.02 1.54 40.39 
0.38 1.38 36.24 
0.19 1.17 29.40 
-0.13 1.54 22.28 
0.26 0.82 30.41 
1.86 WITH AVG VAR RATIO= 




































































INSTFNT 2 FROCESS 4 DATA SET 3 
LAT BELT 30- 58 CONTINENTS ONLY 
48 RETRIEVED SNCGS ARE INCLUDED I N  M I S  TABLE 
LYR 22 P- 25- 16 -0.89 2.95 86.74 65.84 0.76 40.36 
LYR 21  P= 40- 25 0.39 2.61 67.92 52.73 0.78 50.96 
LYR 20 P;; 63- 40 0.65 1.95 54.40 46.32 0.86 46.03 
LYR 19 P 100- 63 0.27 2.47 46.50 46.71 1.01 36.62 
LYR 18 P- 114-100 -0.53 2.25 39.25 41.49 1.06 32.97 
LYR 17 P= 129-114 -0.64 1.74 36.82 39.61 1.08 35.79 
LYR 16 P- 147-129 -0.92 1.83 35.66 39.46 1.11 38.10 
LYR 15 P 167-147 -0.98 2.04 39.85 37.80 0.95 39.93 
LYR 14 P 190-167 -0.59 2.35 42.82 35.46 0.83 40.89 
LYR 13 P= 215-190 -0.36 2.87 42.25 32.35 0.77 39.65 
LYR 12 P 245-215 0.43 2.74 33.21 23.02 0.70 36.95 
LYR 11 P= 278-245 1.01 2.90 28.05 19.79 0.71 32.82 
LYR 10 P- 316-278 0.98 2.61 29.03 19.78 0.69 27.99 
LYR 9 P 359-316 0.92 2.37 34.40 24.38 0.71 23.77 
LYR 8 P- 408-359 0.81 2.09 42.80 31.37 0.74 19.39 
LYR 7 P= 464-408 0.60 1.87 48.40 37.79 0.79 15.19 
LYR 6 P 527-464 0.32 1.46 47.38 42.74 0.91 12.83 
LYR 5 P- 599-527 0.28 1.27 45.98 44.13 0.96 12.30 
LYR 4 P 681-599 -0.09 1.25 46.69 45.32 0.98 12.09 
LYR 3 P= 774-681 -0.49 1.33 50.12 47.73 0.96 11 3 5  
LYR 2 P 880-774 -0.04 1.53 49.91 54.06 1.09 11.86 
LYR 1 P=1000-880 -0.22 2.39 63.03 68.15 1.09 8.94 
TSKIN 1.14 1.48 129.75 116.17 0.90 
STRATOSWERIC RMS= 2.52 WITH AVG VAR RATIO= 0.86 
TROPOSFHERIC RMS= 2.11 WITH AVG VAR RATIO= 0.90 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
LAYER 
LYR 22 P- 25- 16 
LYR 21  P 40- 25 
LYR 20 P= 63- 40 
LYR 19 P- 100- 63 
LYR 18 P 114-100 
LYR 17 P- 129-114 
LYR 16 P= 147-129 
LYR 15 P 167-147 
LYR 14 P 190-167 
LYR 13 P- 215-190 
LYR 12 P 245-215 
LYR 11 P 278-245 
LYR 10 P= 316-278 
LYR 9 P= 359-316 
LYR 8 P- 408-359 
LYR 7 P= 464-408 
LYR 6 P= 527-464 
LYR 5 P 599-527 
LYR 4 P- 681-599 
LYR 3 P 774-681 
LYR 2 P 880-774 




I N S W T  2 PROCESS 4 DATA SET 3 
LAT BELT 30- 58 BOTH CCNTINENT AND OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 
MN ERROR RMS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
-0.89 2.54 84.60 72.19 0.86 36.3 9 
0.24 2.15 75.82 65.03 0.86 43.67 
0.58 1.78 65.33 55.20 0.85 40.63 
0.31 2.33 55.24 47.50 0.86 34.48 
-0.38 2.22 44.09 40.40 0.92 33.06 
-0.43 1.64 38.78 39.49 1.02 36.21 
-0.77 1.74 34.92 39.18 1.13 38.40 
-0.92 2.16 36.21 37.55 1.04 39.17 
-0.60 2.58 42.01 35.88 0.86 38.61 
-0.23 2.99 44.13 33.82 0.77 36.04 
0.67 2.97 34.62 26.12 0.76 33 .05 
1.05 2.84 24.69 
0.77 2.36 22.54 
0.52 2.04 26.96 
0.40 2.03 36.26 
0.13 1.90 42.56 
-0.08 1.55 43.28 
0.00 1.46 44.56 
-0.03 1.40 43.59 
-0.05 1.35 43.30 
0.08 1.36 39.88 
-0.18 2.01 46.09 
0.70 1.20 96.99 
2.21 WITH AVG VAR RATIO= 



















0 .85 14.52 








PROCESS 4 DATA SET 4 I N S W T  2 
L A T  BELT -30- 28 OCEANS O N Y  
56 RETRIEVED SNCGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P- 25- 16 0.03 1.65 8.86 7.99 0.91 38.02 
LYR 21  P 40- 25 0.44 1.06 4.28 3.10 0.73 30.16 
LYR 20 P= 63- 40 0.04 1.58 7.57 4.43 0.59 24.67 
LYR 19 P- 100- 63 -0.12 1.48 12.19 8.97 0.74 25.93 
LYR 18 P- 114-100 0.29 2.26 24.77 12.44 0.51 23.53 
LYR 17 P= 129-114 0.02 1.53 17.79 13.01 0.74 22 .29 
LYR 16 P= 147-129 0.14 1.55 10.39 8.98 0.87 20.81 
LYR 15 P- 167-147 0.17 1.85 6.53 5.05 0.78 18.44 
LYR 14 P- 190-167 0.24 1.56 4.32 2.82 0.66 16.03 
LYR 13 P= 215-190 0.21 1.36 5.50 3.41 0.62 14.05 
LYR 12 P- 245-215 0.16 1.13 8.44 5.95 0.71 12.23 
LYR 11 P- 278-245 0.12 1.09 12.89 10.08 0.79 10.88 
LYR 10 P= 316-278 0.17 1.03 16.48 12.98 0.85 9.87 
LYR 9 P- 359-316 0.13 0.82 16.99 15.48 0.92 9.08 
LYR 8 P- 408-359 -0.00 0.72 15.37 15.71 1.03 8.26 
LYR 7 P- 464-408 -0.01 0.66 13.40 13.77 1.03 7.47 
LYR 6 P= 527-464 -0.02 0.90 11.33 10.81 0.96 6.60 
LYR 5 P= 599-527 0.05 0.90 10.90 9.04 0.83 6.20 
LYR 4 P- 681-599 0.08 0.76 11.17 9.25 0.83 7.39 
LYR 3 P- 774-681 -0.12 0.95 12.77 11.58 0.91 8.43 
LYR 2 P- 880-774 0.06 1.28 13.75 15.16 1.11 8.07 
LYR 1 P-1000-880 -0.07 1.31 15.06 17.07 1.14 4.89 
TSKIN -0.44 1.06 26.18 21.39 0.82 
STRATOSWERIC RMS= 1.45 WITH AVG VAR RATIO= 0.75 
TROPOSWERIC RMS= 1.27 WITH AVG VAR RATIO= 0.85 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
INSTMVT 2 PROCESS 4 DATA SET 4 
LAT BELT -30- 28 CONTINENTS ONLY 
40 RETRIEVED SNCGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P- 25- 16 -0.08 1.64 12.01 10.02 0.84 41 -49 
LYR 21 P= 40- 25 0.15 1.28 8.69 5.86 0.68 36 .82 
LYR 20 P- 63- 40 0.16 1.59 13.69 10.53 0.77 30.17 
LYR 19 P 100- 63 0.39 2.03 21.66 17.22 0.80 30.62 
L Y R  18 P- 114-100 0.10 2.40 22.86 15.17 0.67 26.44 
LYR 17 P= 129-114 -0.06 2.34 14.62 9.71 0.67 22.16 
LYR 16 P 147-129 -0.49 1.92 9.49 6.57 0.70 18.07 
LYR 15 P- 167-147 -0.30 1.56 7.43 5.42 0.73 17.04 
LYR 14 P= 190-167 0.18 1.26 10.25 7.10 0.70 17.51 
LYR 13 P= 215-190 0.23 1.35 15.49 11.45 0.74 15.54 
LYR 12 P= 245-215 0.28 1.20 19.90 16.25 0.82 13.34 
LYR 11 P= 278-245 0.23 1.18 24.94 21.24 0.86 11.53 
LYR 10 P- 316-278 0.11 0.94 28.03 24.27 0.87 10.44 
LYR 9 P- 359-316 -0.12 0.83 26.26 23.88 0.91 9.70 
LYR 8 P- 408-359 -0.12 0.77 23.50 22.42 0.96 8.91 
LYR 7 P= 464-408 -0.03 0.80 19.79 18.67 0.95 8.00 
LYR 6 P= 527-464 0.08 1.11 15.71 14.36 0.92 7.23 
LYR 5 P;. 599-527 -0.07 1.01 11.05 12.02 1.09 6.98 
LYR 4 P- 681-599 0.20 1.09 13.21 12.02 0.92 7.62 
LYR 3 P= 774-681 0.29 1.27 21.78 17.51 0 3 1  8.57 
LYR 2 P- 880-774 -0.18 1.05 29.62 27.86 0.95 9.00 
LYR 1 P-1000-880 -0.39 1.71 44.55 42.46 0.96 6.37 
TSKIN -0.15 1.28 89.12 80.40 0.91 
STRATOSRlERIC RMS= 1.65 WITH AVG VAR RATIO= 0.78 
TROPOSWERIC RMS= 1.40 WITH AVG VAR R A T I O .  0.85 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
I N S T W T  2 PROCESS 4 DATA SET 4 
L A T  BELT -30- 28 BOTH CONTINENT AN0 OCEAN 
96 RETRIEVED SNCGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P= 25- 16 -0.02 1.64 11.17 9.72 0.88 39.51 
LYR 21 P= 40- 25 0.32 1.16 6.94 4.83 0.70 33.10 
LYR 20 P= 63- 40 0.09 1.59 10.81 7.77 0.72 27.10 
LYR 19 P= 100- 63 0.09 1.73 16.63 13.31 0.81 27.98 
LYR 1 8  P- 114-100 0.21 2.32 24.90 14.34 0.58 24.78 
LYR 17 P- 129-114 -0.01 1.91 17.41 12.49 0.72 22.24 
LYR 16 P= 147-129 -0.12 1.72 11.34 8.68 0.77 19.72 
LYR 15 P= 167-147 -0.02 1.73 7.83 5.74 0.74 17.87 
LYR 14 P- 190-167 0.21 1.45 7.20 4.98 0.70 16.66 
LYR 13 P- 215-190 0.22 1.35 9.90 7.02 0.71 14.69 
LYR 12 P- 245-215 0.21 1.16 13.33 10.40 0.78 12.70 
LYR 11 P- 278-245 0.16 1.12 17.97 14.81 0.83 11.15 
LYR 10 P= 316-278 0.14 0.99 21.34 18.31 0.86 10.11 
LYR 9 P 359-316 0.03 0.83 20.93 19.00 0.91 9.35 
LYR 8 P; 408-359 -0.05 0.74 18.82 18.54 0.99 8.54 
LYR 7 P= 464-408 -0.01 0.72 16.13 15.87 0.99 7.69 
LYR 6 P= 527-464 0.02 1.00 13.22 12.38 0.94 6.87 
LYR 5 P= 599-527 0.00 0.95 11.15 10.42 0.94 6.53 
LYR 4 P- 681-599 0.13 0.91 12.18 10.62 0.88 7.49 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
LYR 3 P= 774-681 0.05 1.10 16.64 14.35 0.87 8.49 
LYR 2 P; 880-774 -0.04 1.19 20.81 20.75 1 .oo 8.47 
LYR 1 P-1000-880 -0.20 1.49 28.15 28.19 1.01 5.55 
TSKIN -0.32 1.16 53.40 47.28 0.89 
STRATOSWERIC RMS= 1.54 WITH AVG VAR R A T I O .  0.78 
TROPOSWERIC RMS= 1.32 WITH AVG VAR RATIO= 0.85 
100 
I N S T W T  2 PROCESS 4 DATA SET 4 
LAT BELT 30- 58 OCEANS O K Y  
48 RETRIEVED SNDGS ARE INCLWED I N  M I S  TABLE 
LYR 22 P 25- 16 0.05 1.18 7.07 8.15 1.16 26.74 
LYR 21  P 40- 25 0.05 0.94 9.73 8.65 0.89 23.15 
LYR 20 P 63- 40 -0.08 0.79 12.54 12.14 0.97 20.64 
LYR 19 P 100- 63 0.19 1.37 20.26 19.09 0.95 20.40 
LYR 18 P 114-100 0.00 1.70 22.26 20.62 0.93 24.20 
LYR 17 P 129-114 -0.40 1.39 20.35 18.81 0.93 24.73 
LYR 16 P 147-129 -0.43 1.52 20.31 18.30 0.91 24.82 
LYR 15 P 167-147 -0.00 1.76 P.16 18.09 0.79 23 .85 
LYR 14 P 190-167 0.99 2.56 28.44 20.27 0.72 21.69 
LYR 13 P 215-190 1.39 3.09 27.05 23.05 0.86 18.53 
LYR 12 P 245-215 0.73 2.24 15.37 13.38 0.88 16.08 
LYR 11 P 278-245 -0.14 1.36 9.48 8.58 0.91 16.78 
LYR 10 P= 316-278 -0.36 1.50 10.93 7.92 0.73 16.54 
LYR 9 P 359-316 -0.41 1.41 11.93 9.39 0.79 14 2 5  
LYR 8 P 408-359 -0.37 1.40 12.52 11.18 0.90 11.51 
LYR 7 P 464-408 -0.28 1.18 U.48 12.80 0.95 9 2 9  
LYR 6 P= 527-464 -0.01 1.02 16.47 14.15 0.86 8.50 
LYR 5 P 599-527 0.06 1.02 17.08 15.64 0.92 8.24 
LYR 4 P 681-599 -0.02 0.95 18.74 18.68 1 .oo 9.22 
LYR 3 P 774-681 -0.21 0.99 25.97 24.82 0.93 9.63 
LYR 2 P; 880-774 0.09 1.37 34.07 31.71 0.94 8.51 
LYR 1 P1000-880 0.54 1.67 21.53 22.20 1.04 6.23 
TSKIN 0.47 0.92 19.53 22.23 1.14 
STRATOSPHERIC R M S  1.09 WITH AVG VAR RATIO.  1 .oo 
TROPOSPHERIC RMS= 1.65 WITH AVG VAR RATIO= 0.89 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
I N S T W T  2 PROCESS 4 DATA SET 4 
LAT BELT 30- 58 CONTINENTS ONLY 
48 RETRILVED SNDGS ARE INUUDED I N  THIS TABLE 
LAYER 
LYR 22 P 25- 16 
LYR 21 P= 40- 25 
LYR 20 P 63- 40 
LYR 19 P 100- 63 
LYR 18 P 114-100 
LYR 17 P= 129-114 
LYR 16 P 147-129 
LYR 15 P 167-147 
LYR 14 P 190-167 
LYR 13 P= 215-190 
LYR 12 P 245-215 
LYR 11 P= 278-245 
LYR 10 P 316-278 
LYR 9 P 359-316 
LYR 8 P 408-359 
LYR 7 P= 464-408 
LYR 6 P 527-464 
LYR 5 P 599-527 
LYR 4 P 681-599 
LYR 3 P= 774-681 
LYR 2 P 880-774 
LYR 1 P=1000-880 
TSKIN 
STRATOSPHERIC RMS= 
TROPOSWERIC R H S  












































-0.46 2.20 29.22 
0.52 0.93 04.69 
1.26 W I T H  AVG VAR RATIO= 











































































LYR 22 P 25- 16 
LYR 21  P 40- 25 
LYR 20 P= 63- 40 
LYR 19 P 100- 63 
LYR 18 P 114-100 
LYR 17 P 129-114 
LYR 16 P 147-129 
LYR 15 P 167-147 
LYR 14 P 190-167 
LYR 13 P 215-190 
LYR 12 P 245-215 
LYR 11 P 278-245 
LYR 10 P 316-278 
LYR 9 P= 359-316 
LYR 8 P 408-359 
LYR 7 P 464-408 
LYR 6 P= 527-464 
LYR 5 P= 599-527 
LYR 4 P 681-599 
LYR 3 P 774-681 
LYR 2 P 880-774 




-0.05 1.11 9.44 
-0.05 1.03 11.99 
0.02 0.92 17.25 
0.38 1.56 30.21 
0.25 1.70 35.30 
-0.24 1.34 30.02 
-0.45 1.47 27.46 
-0.31 1.77 27.06 
0.34 2.40 29.56 
0.85 2.74 28.22 
0.83 2.18 18.43 
0.30 1.66 17.65 
0.03 1.55 20.92 
-0.20 1.36 20.79 
-0.22 1.25 18.54 
-0.09 1.07 17.50 
0.02 0.97 18.51 
0.01 1.07 18.82 
-0.06 1.02 19.86 
-0.05 1.05 26.17 
-0.04 1.32 32.40 
0.04 1.95 30.12 
0.49 0.93 66.84 
1.62 WITH AVG VNt  RATIO= 

























INSTFNT 2 PROCESS 4 DATA SET 4 
LAT BELT 30- 58 BOTH CONTINENT AN0 OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED I N  M I S  TABLE 
RATIO RMS HT ERROR (METERS) MN ERROR RMS TRU VAR RET VAR 
1.23 29.67 
0.97 28.21 
0.90 26 -3 8 
0.83 24.23 
0.87 24.44 
o .9a 24.74 
0.96 24.73 


















INSTMNT 2 PROCESS 4 DATA SET 3 (+ NOISE) 
LAT BELT -30- 28 OCEANS O N Y  
48 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 
LYR 22 P- 25- 16 -0.87 2.02 81.08 77.62 0.96 43.98 
LYR 2 1  P- 40- 25 -0.08 1.54 79.81 78.27 0.99 37.00 
LYR 20 P= 63- 40 0.44 1.58 71.35 62.08 0.88 33.77 
LYR 19 P- 100- 63 0.55 1.93 60.24 45.11 0.75 33.46 
LYR 18 P= 114-100 -0.12 1.85 46.49 35.90 0.78 39.11 
LYR 17 P- 129-114 -0.39 1.48 38.43 34.36 0.90 40.62 
LYR 16 P= 147-129 -0.80 1.69 32.07 33.86 1.06 41.01 
LYR 15 P= 167-147 -1.05 2.35 30.82 32.67 1.07 39.27 
LYR 14 P- 190-167 -0.81 2.93 40.19 32.47 0.81 35.98 
LYR 13 P- 215-190 -0.26 3.21 45.90 31.90 0.70 31.27 
LYR 12 P= 245-215 0.82 3.17 35.81 27.04 0.76 27 .49 
LYR 11 P 278-245 1.04 2.53 20.84 23.18 1.12 26.73 
LYR 10 316-278 0.59 1.81 15.78 18.33 1.17 26.80 
LYR 9 P- 359-316 0.17 1.41 19.41 18.70 0.97 27.43 
LYR 8 P- 408-359 0.01 1.81 29.66 22.40 0.76 25.63 
LYR 7 PS 464-408 -0.36 1.88 36.72 27.53 0.75 21.43 
LYR 6 P= 527-464 -0.53 1.63 39.18 31.99 0.82 16.74 
LYR 5 P- 599-527 -0.36 1.70 43.13 33.03 0.77 13.23 
LYR 4 P 681-599 -0.05 1.58 40.39 32.88 0.82 10.85 
LYR 3 P- 774-681 0.33 1.37 36.24 31.91 0.89 10.45 
LYR 2 P 880-774 0.22 1.29 29.40 29.51 1.01 9.34 
LYR 1 P-1000-880 -0.01 1.66 22.28 24.68 1.11 6.20 
TSKIN 0.40 0.87 30.41 30.55 1.01 
STRATOSPHERIC RMS= 1.77 WITH AVG VAR RATIO= 0.90 
TROPOSPHERIC W= 2.05 WITH AVG VPJ7 RATIO= 0.91 
LAYER MN EWiOR RMS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
LAYER 
LYR 22 P; 25- 16 
LYR 21  P= 40- 25 
LYR 20 P 63- 40 
LYR 19 P 100- 63 
LYR 18 P- 114-100 
LYR 17 P= 129-114 
LYR 16 P= 147-129 
LYR 15 P- 167-147 
LYR 14 P- 190-167 
LYR 13 P= 215-190 
LYR 12 P 245-215 
LYR 11 P= 278-245 
LYR 10 P= 316-278 
LYR 9 P 359-316 
LYR 8 P- 408-359 
LYR 7 P= 464-408 
LYR 6 P= 527-464 
LYR 5 P- 599-527 
LYR 4 P 681-599 
LYR 3 P= 774-681 
LYR 2 P= 880-774 
LYR 1 P=1000-880 
TSKIN 
STRATOSPHERIC R K =  
TROPOSPHERIC RMS- 
I N S T W T  2 PROCESS 4 DATA SET 3 (+ NOISE) 
LAT BELT -30- 28 CONTINENTS ONLY 
48 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 













































63 -03 ._ ..- 
1.19 1.54 129.75 
2.44 WITH AVG VAR RATIO= 






















0 .82 57.83 























I N S M T  2 PRCCESS 4 DATA SET 3 (+ NOISE) 
LAT BELT -30- 28 BOTH CONTINENT AND OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 
I RATIO RMS HT ERROR (METERS) LAYER 
LYR 22 P- 25- 16 
LYR 21 P 40- 25 
LYR 20 P= 63- 40 
LYR 19 P= 100- 63 
LYR 18 P- 114-100 
LYR 17 P; 129-114 
LYR 16 P= 147-129 
LYR 15 P- 167-147 
LYR 14 P= 190-167 
LYR 13 P- 215-190 
LYR 12 P- 245-215 
LYR 11 P 278-245 
LYR 10 P= 316-278 
LYR 9 PS 359-316 
LYR 8 P 408-359 
LYR 7 P- 464-408 
LYR 6 P= 527-464 
LYR 5 P 599-527 
LYR 4 P= 681-559 
LYR 3 P- 774-681 
LYR 2 P- 880-774 




MN ERROR RMS TRU VAR 
-0.76 2.64 84.60 
0.17 1.66 75.82 
0.59 1.83 65.33 
0.53 2.27 55.24 
-0.27 1.86 44.09 
-0.56 1.48 38.78 
-0.94 1.73 34.92 
-1.14 2.30 36.21 
-0.88 2.80 42.01 
-0.52 3.16 44.13 
0.41 2.93 34.62 
0.86 2.66 24.69 
0.69 2.22 22.54 
0.51 1.98 26.96 
0.41 2.00 36.26 
0.15 1.89 42.56 
-0.06 1.57 43.28 
-0.01 1.47 44.56 
-0.05 1.40 43.59 
-0.07 1.35 43.30 
0.04 1.43 39.88 
-0.20 1.99 46.09 
0.79 1.25 96.99 
2.13 WITH AVG VAR RATIO= 
2.08 WITH AVG VAR RATIO= 
102 

















































INSTMNT 2 PROCESS 5 DATA SET 3 
L A T  BELT -30- 28 OCEANS O N Y  
48 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P 25- 16 0.83 1.83 187.08 165.57 0.89 40.17 
LYR 21  P 40- 25 0.63 1.70 136.50 131.24 0.97 29.66 
LYR 20 P= 63- 40 0.51 1.26 63.87 62.94 0.99 19.84 
LYR 19 P 100- 63 -0.23 1.37 38.63 32.49 0.85 18.21 
LYR 18 P 114-100 -0.57 1.53 30.88 28.41 0.93 18.52 
LYR 17 P 129-114 -0.04 1.40 22.58 19.40 0.86 19 2 8  
LYR 16 P= 14/-129 0.18 1.50 16.26 12.92 0 .80 19.26 
LYR 15 P 167-147 0.04 1.59 10.11 7.81 0.78 19.00 
LYR 14 P 190-167 -0.10 1.33 5.84 6.18 1.06 19.01 
LYR 13 P 215-190 -0.13 1.45 5.93 6.61 1.12 17.78 
LYR 12 P 245-215 0.04 1.17 8.56 6.59 0.77 16.10 
LYR 11 P 278-245 0.21 1-10 9.39 7.20 0.77 13.62 
LYR 10 P= 316-278 0.39 1.05 10.25 8.13 0 .80 10.83 
LYR 9 P 359-316 0.21 0.80 10.26 8.98 0 .88 8.15 
LYR 8 P 408-359 0.01 0.78 10.43 9.58 0.92 6.46 
LYR 7 P 464-408 -0.07 0.78 10.23 8.87 0.87 5.32 
LYR 6 P= 527-464 -0.23 0.87 9.69 8.36 0.87 3.92 
LYR 5 P 599-527 -0.14 0.82 8.82 7.91 0.90 3.76 
LYR 4 P 681-599 0.20 0.76 8.42 8.26 0.99 4.70 
LYR 3 P 774-681 -0.11 0.87 11.21 9.01 0.81 5.21 
LYR 2 P 880-774 0.03 1.14 14.22 11.39 0.81 5.33 
LYR 1 P1000-880 0.37 1.03 14.08 13.69 0.98 3.82 
TSKIN -0.14 0.28 16.37 16.53 1.01 
STRATOSRIERIC RMS= 1.56 WITH AVG VAR RATIO= 0.93 
TROPOSPHERIC RMS= 1.14 W I T H  AVG VAR RATIO= 0 .89 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
INSTFNT 2 PROCESS 5 DATA SET 3 
LAT BELT -30- 28 CONTINENTS ONLY 
48 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 
LAYER 
LYR 22 P 25- 16 
LYR 2 1  P= 40- 25 
LYR 20 P 63- 40 
LYR 19 P- 100- 63 
LYR 18 P 114-100 
LYR 17 P= 129-114 
LYR 16 P- 147-129 
LYR 15 P 167-147 
LYR 14 P 190-167 
LYR 13 P= 215-190 
LYR 12 P; 245-215 
LYR 11 P= 278-245 
LYR 10 P= 316-278 
LYR 9 P 359-316 
L Y R  8 P 408-359 
LYR 7 P= 464-408 
LYR 6 P 527-464 
LYR 5 P 599-527 
LYR 4 P; 681-599 
LYR 3 P= 774-681 
LYR 2 P; 880-774 




MN ERROR RMS TRU VAR 
2.18 3.08 184.63 
-0.18 1.80 141.32 
-0.17 1.47 64.78 
-0.07 1.69 25.55 
0.07 1.88 15.78 
0.12 1.26 9.83 
0.04 1.54 8.09 
0.17 1.71 5.91 
0.14 1.36 4.83 
0.13 1.16 6.95 
-0.04 1.04 9.68 
-0.29 1.06 11.69 
-0.43 1.19 12.21 
-0.23 1.02 11.75 
0.14 0.87 12.32 
0.08 0.95 13.12 
-0.15 1.10 12.39 
-0.23 0.87 12.76 
-0.12 1.03 13.55 
0.29 0.90 15.32 
0.39 1.24 25.99 
-0.02 1.14 43.30 
-0.07 0.23 85.42 
2.10 WITH AVG VPR RATIO= 











































































LYR 22 P 25- 16 
L Y R  2 1  P= 40- 25 
LYR 20 P= 63- 40 
LYR 19 P= 100- 63 
LYR 18 P 114-100 
LYR 17 P- 129-114 
LYR 16 P= 147-129 
LYR 15 P 167-147 
LYR 14 P 190-167 
LYR 13 P 215-190 
LYR 12 P 245-215 
LYR 11 P 278-245 
LYR 10 P= 316-278 
LYR 9 P= 359-316 
LYR 8 P 408-359 
LYR 7 P; 464-408 
LYR 6 P= 527-464 
LYR 5 P 599-527 
LYR 4 P; 681-599 
LYR 3 P 774-681 
LYR 2 P; 880-774 
LYR 1 P1000-880 
TSKIN 
STRATOSRIERIC R M S  
T R o m s w m I c  RMS= 
INSTFNT 2 PROCESS 5 DATA SET 3 
L A T  BELT -30- 28 BOTH CONTINENT N D  OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED IN T H I S  TABLE 
MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS1 
1.50 2.53 188.06 154.50 0.83 39.58 
0.22 1.75 140.40 144.07 1.03 27.25 
0.17 1.37 64.39 67.28 1.05 20.3 8 
-0.15 1.54 32.52 26.05 0.81 20.37 
-0.25 1.71 23.65 22.04 0.94 18.28 
0.04 1.34 16.61 14.77 0.89 19.39 
0.11' 1.52 12.59 9.75 0.18 19.3 9 
0.11 1.65 8.22 6.24 0.76 18.48 - ~  
0.02 1.34 5.47 
0.00 1.31 6.54 
0.00 1.11 9.29 
-0.04 1.08 10.92 
-0.02 1.12 11.90 
-0.01 0.92 11.46 
0.07 0.83 11.52 
0.00 0.87 11.76 
-0.19 0.99 11.09 
-0.19 0.84 10.81 
0.04 0.90 11.03 
0.09 0.88 13.39 
0.21 1.19 21.18 
0.17 1.08 30.32 
-0.11 0.25 52.30 
1.85 WITH AVG VAR RATIO= 
















































INSTWT 2 PROCESS 5 DATA SET 3 
LAT BELT 30- 58 OCEANS O N Y  
48 RETRIEVED SNDGS ARE INCLUDE0 I N  M I S  TABLE 
LAYER 
LYR 22 P- 25- 16 
LYR 21  P. 40- 25 
LYR 20 P= 63- 40 
LYR 19 P; 100- 63 
LYR 1 8  P; 114-100 
LYR 17 P; 129-114 
LYR 16 P= 147-129 
LYR 15 P 167-147 
LYR 14 P= 190-167 
LYR 13 P- 215-190 
LYR 12 P; 245-215 
LYR 11 P;; 278-245 
LYR 10 P= 316-278 
LYR 9 P= 359-316 
LYR 8 P- 408-359 
LYR 7 P= 464-408 
LYR 6 P= 527-464 
LYR 5 P= 599-527 
LYR 4 P- 681-599 
LYR 3 P= 774-681 
LYR 2 P= 880-774 




MN ERROR RMS TRU VAR 
-0.34 2.19 81.08 
-0.53 1.85 79.81 
0.22 1.31 71.35 
0.66 1.67 60.24 
0.34 1.61 46.49 
-0.11 1.05 38.43 
-0.49 1.36 32.07 
-0.88 2.06 30.82 
-0.83 2.29 40.19 
-0.47 2.33 45.90 
0.32 2.19 35.81 
0.86 2.50 20.84 
0.68 2.14 15.78 
0.51 1.72 19.41 
0.44 1.73 29.66 
-0.04 1.55 36.72 
-0.21 1.47 39.18 
-0.05 0.97 43.13 
0.28 1.17 40.39 
0.43 1.23 36.24 
-0.11 0.90 29.40 
-0.11 1.12 22.28 
-0.18 0.34 30.41 
1.78 WITH AVG VAR RATIO= 
1.70 WITH AVG V A R  RATIO= 









































































5 2 0  
4.17 
DATA SET 3 
LAT BELT 30- 58 CONTINENTS CNLY 
48 RETRIEVED SNDGS ARE INCLUDED IN M I S  TABLE 
LYR 22 P- 25- 16 -0.60 3.46 86.74 57.71 0.67 43.25 
LYR 2 1  P= 40- 25 0.08 1.61 67.92 60.92 0.90 33.52 
LYR 20 P- 63- 40 0.18 1.22 54.40 54.46 1.01 32.58 
LYR 19 P- 100- 63 0.29 1.21 46.50 49.01 1.06 28.47 
LYR 18 114-100 -0.39 1.44 39.25 39.07 1 .oo 26.31 
LYR 17 P= 129-114 -0.63 1.41 36.82 36.34 0.99 27.74 
LYR 16 P= 147-129 -0.76 1.63 35.66 33.79 0.95 29.43 
LYR 15 P- 167-147 -0.75 1.94 39.65 32.77 0.83 31.96 
LYR 14 P 190-167 -0.27 2.02 42.82 32.58 0.77 34.92 
LYR 13 P= 215-190 0.14 2.11 42.25 30.27 0.72 37.24 
LYR 12 P- 245-215 0.63 1.82 33.21 26.18 0.79 38.81 
LYR 11 P= 27E245 1.12 2.31 28.05 25.02 0.90 37.32 
LYR 10 P= 316-278 0.90 2.23 29.03 27.55 0.95 32.81 
LYR 9 P- 359-316 0.78 2.11 34.40 31.29 0.91 27 .89 
LYR 8 P= 408-359 0.78 2.06 42.80 37.28 0.88 22.07 
LYR 7 P= 464-408 0.79 1.99 48.40 43.16 0.90 15.42 
LYR 6 P= 527-464 0.64 1.66 47.38 48.26 1.02 8.85 
LYR 5 P 599-527 0.49 1.07 45.98 48.26 1.05 4.25 
LYR 4 P- 681-599 -0.08 0.73 46.69 47.48 1.02 3.98 
LYR 3 P= 774-681 -0.37 0.91 50.12 47.92 0.96 4.61 
LYR 2 P 880-774 0.09 1.37 49.91 50.26 1.01 6.01 
LYR 1 P=lOOO-880 0.12 1.56 63.03 62.88 1.00 5.84 
TSKIN -0.12 0.30 129.75 127.00 0.98 
STRATOSRIERIC RMS= 2.09 WITH AVG VAR RATIO= 0.91 
TROPOSWERIC RMS; 1.74 WITH AVG VAR RATIO= 0.93 
LAYER MN ERROR RMS TRll VAR RET V A R  RATIO RMS HT ERROR (METERS) 
INSTFNT 2 PROCESS 5 DATA SET 3 
LAT BELT 30- 58 BOTH COKTINENT AN0 OCEAN 
96 RETRIEVED SNDGS ARE INCLUDE0 I N  THIS TABLE 
LAYER 
LYR 22 P= 25- 16 
LYR 21  P 40- 25 
LYR 20 P= 63- 40 
LYR 19 P- 100- 63 
LYR 18 P= 114-100 
LYR 17 P= 129-114 
LYR 16 P= 147-129 
LYR 15 P= 167-147 
LYR 14 P- 190-167 
LYR 13 P= 215-190 
LYR 12 P- 245-215 
LYR 11 P= 278-245 
LYR 10 P= 316-278 
LYR 9 P= 359-316 
LYR 8 P= 408-359 
LYR 7 P= 464-408 
LYR 6 P= 527-464 
LYR 5 P= 599-527 
LYR 4 P- 681-599 
LYR 3 P= 774-681 
LYR 2 P- 880-774 




MN ERROR RMS TRU VAR 
-0.47 2.90 84.60 
-0.23 1.73 75.82 
0.20 1.27 65.33 
0.47 1.46 55.24 
-0.03 1.53 44.09 
-0.37 1.24 38.78 
-0.63 1.50 34.92 
-0.81 2.00 36.21 
-0.55 2.16 42.01 
-0.17 2.22 44.13 
0.47 2.02 34.62 
0.99 2.41 24.69 
0.79 2.19 22.54 
0.65 1.93 26.96 
0.61 1.90 36.26 
0.37 1.78 42.56 
0.22 1.57 43.28 
0.22 1.02 44.56 
0.10 0.98 43.59 
0.03 1.08 43.30 
-0.01 1.16 39.88 
0.00 1.36 46.09 
-0.15 0.32 96.99 
1.94 WITH AVG V A R  RATIO= 
























46 2 9  
94.92 

















































INSTFHT 2 PROCESS 5 DATA SET 4 
LAT BELT -30- 28 OCEANS O N Y  
56 RETRIEVED SNDGS ARE I N C L U E D  I N  THIS  TABLE 
LYR 22 P- 25- 16 -0.22 1.71 8.86 4.60 0.52 23.65 
LYR 21  P- 40- 25 0.25 0.75 4.28 3.57 0.84 18.90 
LYR 20 P= 63- 40 -0.06 1.32 7.57 5.28 0.70 19.17 
LYR 19 P 100- 63 -0.09 1.86 12.19 11.49 0.95 14.96 
LYR 18 P 114-100 0.15 1.78 24.77 17.88 0.73 16.89 
LYR 17 P= 129-114 -0.00 1.41 17.79 13.24 0.75 17.53 
LYR 16 P= 14/-129 0.05 1.45 10.39 8.13 0.79 17.27 
LYR 15 P 167-147 -0.05 1.82 6.53 4.11 0.63 15.58 
LYR 14 P- 190-167 -0.06 1.49 4.32 2.77 0.65 13.96 
LYR 13 P 215-190 0.05 1.17 5.50 4.42 0.81 13.63 
LYR 12 P- 245-215 0.04 0.87 8.44 7.19 0.86 12.99 
LYR 11 P- 278-245 0.05 0.97 12.89 10.04 0.78 11.71 
LYR 10 P= 316-278 0.09 1.01 16.48 12.34 0.75 9.92 
LYR 9 P- 359-316 0.U 0.88 16.99 l3.25 0.79 7.97 
LYR 8 P- 408-359 0.10 0.80 15.37 13.02 0.85 5.79 
LYR 7 P- 464-408 0.09 0.65 13-40 11.93 0 .89 4.12 
LYR 6 P= 527-464 -0.06 0.77 11.33 10.82 0.96 3.08 
LYR 5 P= 599-527 -0.05 0.68 10.90 9.42 0.87 3.54 
LYR 4 P- 681-599 0.07 0.61 11.17 9.44 0.85 4.68 
LYR 3 P- 774-681 0.11 0.95 12.77 9.84 0.78 5 .OO 
LYR 2 P- 880-774 0.13 1.02 13.75 12.41 0.91 4.83 
LYR 1 P-1000-880 -0.02 0.95 15.06 17.17 1.14 3.54 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
TSKIN -0.09 0.23 26.18 25.79 0.99 
STRATOSWERIC R M S  1.26 WITH AVG VAR RATIO; 0.76 
TROPOSWERIC RMS= 1.13 W I T H  AVG VAR RATIO= 0.83 
LAYER 
LYR 22 P- 25- 16 
LYR 21 P= 40- 25 
LYR 20 P- 63- 40 
LYR 19 P- 100- 63 
LYR 18 P- 114-100 
LYR 17 P= 129-114 
LYR 16 P= 147-129 
LYR 15 P- 167-147 
LYR 14 P- 190-167 
LYR 13 P= 215-190 
LYR 12 P- 245-215 
LYR 11 P= 270-245 
LYR 10 P= 316-278 
LYR 9 P 359-316 
LYR 8 P- 408-359 
LYR 7 P= 464-408 
LYR 6 P 527-464 
LYR 5 P- 599-527 
LYR 4 P- 681-599 
LYR 3 P= 774-681 
LYR 2 P= 880-774 
LYR 1 P=1000-880 
TSKIN 
STRATOSWERIC RMS= 
TROPOSWERIC R M S  
INSTFHT 2 PROCESS 5 DATA SET 4 
LAT BELT -30- 28 CONTINENTS ONLY 
40 RETRIEVED SNDGS ARE INCLUDED I N  THIS  TABLE 
MN ERROR RHS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
-0.73 2.07 12.01 5.81 0.49 29.62 
0.21 1.17 8.69 
-0.07 1.42 13.69 
0.10 1.20 21.66 
0.10 1.86 22.86 
-0.17 2.04 14.62 
-0.43 1.58 9.49 
-0.35 1.32 7.43 
-0.00 1.09 10.25 
0.10 1.21 15.49 
0.04 1.11 19.90 
0.07 1.13 24.94 
0.04 0.81 28.03 
-0.07 0.73 26.26 
-0.04 0.79 23.50 
-0.02 0.73 19.79 
0.10 0.98 15.71 
0.05 0.79 11.05 
0.36 1.11 13.21 
0.18 1.24 21.78 
-0.23 0.98 29.62 
-0.20 1.40 44.55 
0.02 0.B 89.12 
1.50 WITH AVG VPR RATIO= 




































































INSTFNT 2 PROCESS 5 DATA SET 4 
LAT BELT -30- 28 BOTH CONTINENT AND OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED I N  M I S  TABLE 
LYR 22 P- 25- 16 -0.43 1.87 11.17 5.66 0.51 26.30 
LAYER MN ERROR RMS TRU VPR RET VAR RATIO RMS HT ERROR (METERS) 
LYR 21 P- 40- 25 
LYR 20 P= 63- 40 
LYR 19 P 100- 63 
LYR 18 P- 114-100 
LYR 17 P= 129-114 
LYR 16 P= 147-129 
LYR 15 P- 167-147 
LYR 14 P- 190-167 
LYR 13 P- 215-190 
LYR 12 P- 245-215 
LYR 11 P- 278-245 
LYR 10 P= 316-278 
LYR 9 P= 359-316 
LYR 8 P- 408-359 
LYR 7 P= 464-408 
LYR 6 P= 527-464 
LYR 5 P- 599-527 
LYR 4 P- 681-599 
LYR 3 P- 774-681 
LYR 2 P 880-774 
LYR 1 P-1000-880 
TSKIN 
STRATOSWERIC R M S  
TROPOSWERIC RMS= 
0.23 0.95 6.94 
-0.07 1.36 10.81 
-0.01 1.12 16.63 
0.13 1.82 24.90 
-0.07 1.70 17.41 
-0.15 1.50 11.34 
-0.17 1.63 7.83 
-0.04 1.34 7 2 0  
0.07 1.19 9.90 
0.04 0.98 13.33 
0.06 1.04 17.97 
0.07 0.93 21.34 
0.05 0.82 20.93 
0.04 0.79 18.82 
0.04 0.68 16.13 
0.01 0.87 13.22 
0.19 0.85 12.18 
0.14 1.08 16.64 
-0.02 1.01 20.81 
-0.09 1.16 28.15 
-0.05 0.23 53.40 
-0.01 0.73 11.15 
1.36 WITH AVG VAR RATIO; 





































































INSTMNT 2 PROCESS 5 DATA SET 4 
L A T  BELT 30- 58 OCEANS O N Y  
48 RETRIEVED SNCGS ARE INCLUDED I N  THIS  TABLE 
LYR 22 P 25- 16 -0.04 1.02 7.07 6.05 0.86 24.55 
LYR 21 P= 40- 25 -0.18 0.96 9.73 7.55 0.78 18.68 
LYR 20 P= 63- 40 -0.08 0.60 12.54 11.85 0.95 15.73 
LYR 19 P= 100- 63 0.29 1.14 20.26 18.53 0.92 14.95 
LYR 18 P 114-100 -0.09 1.29 22.26 19.75 0.89 19.12 
LYR 17 P 129-114 -0.31 1.19 20.35 19.56 0.97 20.73 
LYR 16 P= 147-129 -0.48 1.54 20.31 19.75 0.98 21.42 
LYR 15 P= 167-147 -0.27 1.88 8.16 19.81 0.86 21.15 
LYR 14 P 190-167 0.43 2.43 28.44 21.01 0.74 20.24 
LYR 13 P 215-190 1.06 2.82 27.05 19.16 0.71 17.83 
LYR 12 P 245-215 0.48 2.01 15.37 11.00 0.72 13.78 
LYR 11 P 278-245 -0.02 1.22 9.48 7.72 0.82 12.97 
LYR 10 P= 316-278 -0.17 1.37 10.93 8.67 0 .80 12.35 
LYR 9 P= 359-316 -0.03 1.21 11.93 10.33 0.87 10.01 
LYR 8 P 408-359 0.04 1.17 12.52 11.86 0.95 7.39 
LYR 7 P= 464-408 0.10 0.92 13.48 13.33 0.99 5.88 
LYR 6 P= 527-464 0.28 0.91 16.47 14.63 0 .89 5.62 
LYR 5 P 599-527 0.25 0.93 17.08 15.94 0.94 4.52 
LYR 4 P 681-599 0.12 0.73 18.74 18.53 0.99 5 .OO 
LYR 3 P= 774-681 -0.00 0.89 26.97 23.43 0.87 5.62 
LYR 2 P 880-774 0.05 1.14 34.07 30.07 0.89 5.70 
LYR 1 P1000-880 0.28 1.28 21.53 22.31 1.04 4.79 
TSKIN -0.20 0.35 19.53 18.95 0.98 
STRATOSWERIC RMS= 0.95 WITH AVG VAR RATIO= 0.88 
TROPOSWERIC RMS= 1.48 WITH AVG VAR RATIO= 0 .89 
LAYER M N  ERROR RMS TRV VAR RET VAR RATIO RMS H T  ERROR (METERS) 
LAYER 
LYR 22 P 25- 16 
LYR 21 P= 40- 25 
LYR 20 P 63- 40 
LYR 19 P 100- 63 
LYR 18 P 114-100 
LYR 17 P= 129-114 
LYR 16 P= 147-129 
LYR 15 P= 167-147 
LYR 14 P= 190-167 
LYR 13 P= 215-1SO 
LYR 12 P= 245-215 
LYR 11 P= 278-245 
LYR 10 P= 316-278 
LYR 9 P 359-316 
LYR 8 P= 408-359 
LYR 7 P= 464-408 
LYR 6 P= 527-464 
LYR 5 P= 599-527 
LYR 4 P= 681-599 
LYR 3 P= 774-681 
LYR 2 P= 880-774 




I N S T W T  2 PROCESS 5 DATA SET 4 
LAT BELT 30- 58 CONTINENTS ONLY 
48 RETRIEVED SNCGS ARE INCLUOEO I N  THIS  TABLE 
MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
-0.07 1.00 11.00 
0.05 1.01 13.40 
0.09 0.81 21.68 




















1.00 WITH AVG VAQ 




























































































I N S T W T  2 PROCESS 5 DATA SET 4 
96 RETRIEVED SNCGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P 25- 16 -0.05 1.11 9.44 7 .81 0.83 25.51 
LYR 21 P- 40- 25 -0.06 0.98 11.99 10.40 0.87 20.77 
LYR 20 P= 63- 40 0.00 0.71 17.25 15.64 0.91 19.01 
LYR 19 P= 100- 63 0.22 1.06 30.21 26.96 0.90 17.97 
LYR 18 P= 114-100 0.01 1.32 35.30 34.21 0.97 19.37 
LYR 17 P 129-114 -0.26 1.27 30.02 31.47 1.05 19.76 
LYR 16 P= 147-129 -0.49 1.50 27.46 27.25 1 .oo 20.11 
LYR 15 P 167-147 -0.46 1.78 27.06 23.09 0.86 20.27 
LYR 14 P= 190-167 0.05 2.21 29.56 21.06 0.72 20.48 
LYR 13 P= 215-190 0.61 2.49 28.22 19.32 0.69 19.70 
LYR 12 P 245-215 0.55 1.94 18.43 15.26 0.83 17.66 
LYR 11 P 278-245 0.37 1.58 17.65 15.74 0.90 15.59 
LYR 10 P= 316-278 0.22 1.45 20.92 17.20 0.83 13.31 
LYR 9 P 359-316 0.10 1.25 20.79 17.95 0.87 10.36 
LYR 8 P 408-359 0.09 1.07 18.54 18.74 1.02 8.09 
LYR 7 P= 464-408 0.23 0.85 17.50 19.01 1.09 6.30 
LYR 6 P= 527-464 0.29 0.84 18.51 18.78 1.02 5.36 
LYR 5 P= 599-527 0.20 0.82 18.82 18.13 0.97 4.56 
0.05 0.82 19.86 19.25 0.97 5.03 
L A T B R T  30- 58 Born CCNTINENT AND OCEAN 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS HT ERROR (METERS) 
0.08 0.88 25.17 23.27 0.89 5.87 
0.09 1.13 32.40 28.28 0.88 6.31 
0.15 1.32 30.12 29.21 0.97 4.92 
-0.15 0.31 66.84 66.94 1.01 
0.98 WITH AVG VAR RATIC= 0.88 
1.43 WITH AVG VAQ RATIO= 0.92 
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LYR 4 P= 681-599 
LYR 3 P= 774-681 
LYR 2 P 880-774 




INSTWIT  2 PROCESS 5 DATA SET 3 (+ NOISE) 
L A T  BELT -30- 28 DCEAElS O N Y  
48 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P 25- 16 -0.37 2.33 81.08 74.41 0.92 53.40 
LYR 2 1  P 40- 25 -0.55 1.92 79.81 82.76 1.04 35.97 
LYR 20 P= 63- 40 0.19 1.63 71.35 70.14 0.99 27.37 
LYR 19 P 100- 63 0.56 1.81 60.24 48.68 0.81 28.68 
LYR 1 8  P 114-100 -0.00 1.73 46.49 37.51 0.81 36.07 
LYR 17 P 129-114 -0.49 1.37 38.43 35.28 0.92 37.48 
LYR 16 P= 147-129 -0.95 1.65 32.07 34.44 1.08 37.51 
LYR 15 P 167-147 -1.32 2.42 30.82 34.44 1.12 36.08 
LYR 14 P 190-167 -1.14 2.84 40.19 33.89 0.85 34.26 
LYR 13 P 215-190 -0.54 2.97 45.90 32.74 0.72 32.33 
LYR 12 P 245-215 0.49 3.01 35.81 29.55 0.83 3 0.63 
LYR 11 P 278-245 1.10 2.71 20.84 22.52 1.09 27.26 
LYR 10 P= 316-278 0.91 2.07 15.78 18.37 1.17 22.77 
LYR 9 P 359-316 0.67 1.52 19.41 20.67 1.07 20.06 
LYR 8 P 408-359 0.54 1.63 29.66 25.56 0.87 17.59 
LYR 7 P 464-408 -0.01 1.61 36.72 32.31 0.88 14.32 
LYR 6 P= 527-464 -0.23 1.48 39.18 38.06 0.98 10.77 
LYR 5 P 599-527 -0.11 1.04 43.13 41.00 0.96 8.90 
LYR 4 P 681-599 0.20 1.19 40.39 39.71 0.99 9.33 
LYR 3 P 774-681 0.38 1.29 36.24 35.39 0.98 8.25 
LYR 2 P 880-774 0.02 1.06 29.40 28.31 0.97 6.45 
LYR 1 P1000-880 0.09 1.25 22.28 24.67 1.11 4.68 
TSKIN -0.16 0.33 30.41 29.47 0.97 
STRATOSWERIC R M S  1.93 WITH AVG VAR RATIO= 0.95 
TROPOSPHERIC RMS= 1.93 WITH AVG VAR RATIO= 0.97 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
INSTMJT 2 PROCESS 5 DATA SET 3 (+ NOISE) 
L A T  BELT -30- 28 CONTINENTS ONLY 
48 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P 25- 16 -0.60 3.80 86.74 56.14 0.65 52.87 
LYR 21  P= 40- 25 0.32 1.71 67.92 60.66 0.90 42.89 
LYR 20 P= 63- 40 0.32 1.40 54.40 53.33 0.99 43 2 8  
LYR 19 P 100- 63 0.16 1.57 46.50 46.41 1 .oo 37.76 
LYR 18 P 114-100 -0.74 1.73 39.25 39.91 1.02 35.49 
LYR 17 P= 129-114 -0.97 1.60 36.82 38.08 1.04 36.92 
LYR 16 P 147-129 -1.10 1.73 35.66 35.41 1 .oo 39.04 
LYR 15 P 167-147 -1.06 2.11 39.85 33.96 0.86 41.42 
LYR 13 P= 215-190 -0.08 2.61 42.25 31.13 0.74 44.78 
LYR 11 P= 278-245 0.99 2.55 28.05 27.36 0.98 42.72 
LYR 1 0  P 316-278 0.87 2.57 29.03 28.99 1 .oo 37.36 
LYR 9 P= 359-316 0.85 2.48 34.40 30.65 0.90 31.48 
LYR 8 P 408-359 0.87 2.35 42.80 35.18 0.83 24 .% 
LYR 7 P= 464-408 0.84 2.12 48.40 40.08 0.83 17.67 
LYR 6 P 527-464 0.69 1.73 47.38 43.83 0.93 11.16 
LYR 4 P 681-599 -0.02 0.81 46.69 45.90 0.99 7.52 
LYR 3 P= 774-681 -0.31 0.87 50.12 49.05 0.98 8.58 
LYR 1 P=1000-880 0.14 1.80 63.03 69.86 1 .ll 6.72 
T S K I N  -0.12 0.30 129.75 126.53 0.98 
STRATOSPHERIC RMS= 2.33 WITH AVG VAR RATIO= 0.89 
TROPOSPHERIC R M S  1.98 WITH AVG VAR R A T E =  0.95 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
LYR 14 P 190-167 -0.52 2.35 42.82 34.02 0.80 43.74 
LYR 12 P= 245-215 0.44 2.18 33.21 27.78 0.84 45.06 
LYR 5 P 599-527 0.55 1.14 45.98 44.87 0.98 7.39 
LYR 2 P 880-774 0.13 1.61 49.91 55.12 1.11 9.35 
I N S W T  2 PROCESS 5 DATA SET 3 (+ NOISE) 
L A T  B E L T  -30- 28 BOTH COKTINENT AND OCEAN 
96 RETRIEVED SNDGS ARE INCLUDED I N  T H I S  TABLE 
LYR 22 P 25- 16 -0.49 3.15 84.60 66.17 0.79 53.14 
LYR 21  P 40- 25 -0.12 1.81 75.82 72.64 0.96 39.58 
LYR 20 P= 63- 40 0.26 1.52 65.33 63.99 0.98 36 21 
LYR 18 P 114-100 -0.37 1.73 44.09 40.89 0.93 35.78 
LYR 16 P= 147-129 -1.02 1.69 34.92 36.14 1.04 38.28 
LYR 15 P 167-147 -1.19 2.27 36.21 34.85 0.97 38.85 
LYR 14 P 190-167 -0.83 2.61 42.01 34.11 0.82 39.29 
LYR 13 P 215-190 -0.31 2.79 44.13 31.93 0.73 39.06 
LYR 12 P 245-215 0.46 2.63 34.62 28.75 0.84 38.52 
LYR 11 P 278-245 1.05 2.63 24.69 25.14 1.02 35 .83 
LYR 10 P= 316-278 0.89 2.33 22.54 23.81 1.06 30.94 
LYR 9 P= 359-316 0.76 2.06 26.96 25.76 0.96 26.40 
LYR 8 P 408-359 0.70 2-02 36.26 30.48 0.85 21.59 
LYR 7 P 464-408 0.42 1.88 42.56 36.40 0.86 16.08 
LYR 6 P= 527-464 0.23 1.61 43.28 41.16 0.96 10.97 
LYR 5 P 599-527 0.22 1.09 44.56 43.06 0.97 8.18 
LYR 4 P 681-599 0.09 1.02 43.59 42.81 0.99 8.47 
LYR 3 774-681 0.03 1.10 43.30 42.22 0.98 8.42 
LYR 2 P 880-774 0.08 1.37 39.88 41.89 1.06 8.03 
L Y R  1 PlOOO-880 0.12 1.55 46.09 50.62 1.10 5.79 
TSKIN -0.14 0.31 96.99 94.76 0.98 
STRATDSWERIC R M S  2.14 WITH AVG VAR RATIO;  0.92 
TROPOSPHERIC RMS= 1.96 WITH AVG VAR RATIO= 0.96 
LAYER MN ERROR RMS TRU VAR RET VAR RATIO RMS H T  ERROR (METERS) 
LYR 19 P 100- 63 0.36 1.69 55.24 50.00 0.91 33.53 
LYR 17 P 129-114 -0.73 1.49 38.78 38.41 1 .oo 37.20 
107 
LAYER 
LYR 22 P- 25- 16 
LYR 21 P- 40- 25 
LYR 20 P= 63- 40 
LYR 19 P= 100- 63 
LYR 18 P- 114-100 
LYR 17 P= 129-114 
LYR 16 P= 147-129 
LYR 15 P= 167-147 
LYR 14 P 190-167 
LYR 13 P- 215-190 
LYR 12 P 245-215 
LYR 11 P= 278-245 
LYR 10 P= 316-278 
LYR 9 P= 359-316 
LYR 8 P= 408-359 
LYR 7 P= 464-408 
LYR 6 P= 527-464 
LYR 5 P= 599-527 
LYR 4 P 681-599 
LYR 3 P= 774-681 
LYR 2 P= 880-774 
LYR 1 P1000-880 
I N S M T  1 PROCESS 4 DATA SET 5 
L A T  BELT 30-58 BOTH CONTINENT PND OCEAN 

























0 .oo 1.58 
-0.64 1.89 
0.35 1.76 
























3.24 WITH AVG VAR RATIO= 










































































LYR 22 P 25- 16 
LYR 21 P= 40- 25 
LYR 20 P= 63- 40 
LYR 19 P= 100- 63 
LYR 18 P= 114-100 
LYR 17 P= 129-114 
LYR 16 P= 147-129 
LYR 15 P= 167-147 
LYR 14 P= 190-167 
LYR 13 P= 215-190 
LYR 12 P= 245-215 
LYR 11 P= 278-245 
LYR 10 P= 316-278 
LYR 9 P- 359-316 
LYR 8 P= 408-359 
LYR 7 P= 464-408 
LYR 6 P= 527-464 
LYR 5 P= 599-527 
LYR 4 P= 681-599 
LYR 3 P= 774-681 
LYR 2 F 880-774 
LYR 1 P=1000-880 
TSKIN 
I N S T W T  1 PROCESS 5 DATA SET 5 
LAT BELT 30-58 BOTH CONTINENT AND OCEAN 











































































3.03 WITH AVG VAR RATIO= 













































































LYR 22 P 25- 16 
LYR 21 P 40- 25 
LYR 20 P= 63- 40 
LYR 19 P 100- 63 
LYR 18 P 114-100 
LYR 17 P 129-114 
LYR 16 P= 147-129 
LYR 15 P 167-147 
LYR 14 P 190-167 
LYR 13 P 215-190 
LYR 12 P; 245-215 
LYR 11 P 278-245 
LYR 10 P= 316-278 
LYR 9 P= 359-316 
LYR 8 P 408-359 
LYR 7 P 464-408 
LYR 6 P= 527-464 
LYR 5 P 599-527 
LYR 4 P 681-599 
LYR 3 P= 774-681 
LYR 2 P 880-774 
LYR 1 P1000-880 
TSKIN 
I N S W T  2 PROCESS 4 DATA SET 5 
LAT BELT 30-58 BOTH CONTINENT PND OCEAN 
36 RETRIEVED SNDGS ARE I N a U D E D  I N  THIS  TABLE 











































































1.95 W I T H  AVG V A R  RATIO= 
1.97 WITH AVG VM RATIO= 









































































INSTWT 2 PROCESS 5 DATA SET 5 
LYR 22 P 25- 16 
LYR 21 P= 40- 25 
LYR 20 P= 63- 40 
LYR 19 P 100- 63 
LYR 18 P 114-100 
LYR 17 P= 129-114 
LYR 16 P= 147-129 
LYR 15 P= 167-147 
LYR 14 P 190-167 
LYR 13 P= 215-190 
LYR 12 P 245-215 
LYR 11 P= 278-245 
LYR 10 P 316-278 
LYR 9 P 359-316 
LYR 8 P 408-359 
LYR 6 P 527-464 
LYR 5 P 599-527 
LYR 4 P= 681-599 
LYR 3 P= 774-681 
LYR 2 P 880-774 
LYR 1 P=1000-880 
TSKIN 
LYR 7 P= 464-408 
STRATOSPHERIC RMS= 
TROPOSPHERIC RMS= 
LAT BELT 30-58 

















































BOTH CONTINENT AND OCEAN 

























1.82 W I T H  AVG VAR RATIO= 
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